Vol. XLIII 
July 1954 


SCIENTIFIC EDITION 


JOURNAL THE 
AMERICAN 


PHARMACEUTICAL 
ASSOCIATION 


CONTENTS OF THIS ISSUE 


Studies on the Stability of Fumagillin. I. Photolytic Degradation in Alcohol Solution 
Edward R. Garrett and Thomas E. Eble 
Effects of Menthol Vapor on the Intact Animal with Special Reference to the Upper Respiratory Tract 
Nathan Rakieten, Morris L. Rakieten, and Mansfield Boykin 
Study of Possible Complex Formation Bet ween Macromolecules and Certain Pharmaceuticals. I. ae as ery 
with Sulfathiazole, Procaine Hydrochloride, Sodium Penicillin, Mandelic Acid, 
Caffeine, Theophylline, and Cortisone..... 
Takeru Higuchi and Roy Kuramoto 
Study of Possible Complex Formation Bet ween Macromolecules and Certain Pharmaceuticals. II — 
done with p-Aminobenzoic Acid, A yrine i ane, Acid, Acid, m-Hydroxy- 
benzoic Acid, Citric Acid, and Phenobarbital. rode 
Takeru Higuchi and Roy Kuramoto 
A Rheolo; agin’ Study of Some Pharmaceutical Semisolids 
Harry Kostenbauder and Alfred N. Martin 
The Pharmacology of 1- Semen: 1-pheny!-3-pyrrolidino-!-propanol Methsulfate, Compound 14045, A New Para- 
sympathetic De nt. 
Henry M. Lee, Wi oy Gibson, William G. Dinwiddie, and Jack Mills 
Characterization of Essential Oils. Mentha Genus Oils. 
Robert H. Reitsema 
The Determination of Phenolphthalein in Chocolate Preparations by Nenaqueous Titration. 
Sidney Doernberg, Max Hubacher, and Ihor Lysyj 
Dehydration Products of o-Thymotic Acid 
Edmund Granateck and Paul Jannke 
Speculation on DPN as a Biochemical Precursor of Caffeine and Trigonelline in Coffee. . . 
R. E. Kremers 
The 's Ye of C™ From Carboxyl-Labeled Sodium Acetate by Digitalis purpurea L 
Djao and H. W. Youngken, Jr. 
A Study of Growth Effects Induced in Cultures of Claviceps litoralis Kawatani 
S. K. Sim and H. W. Youngken, Jr 
Tablet Coatings: Cellulosic High Polymers 
Dale W. Doerr, E. R. Serles, and Dwight L. Deardorf 
The Reaction of Procaine Hydrochloride with Sodium Formaldehydesulfoxylate................. 
W. R. Hardie, A. R. Williams, 1. F. Halverstadt, and Frederick F. Johnson 
Antimolding Agents for Syrups. 
Clifton F. Lord, Jr., and William J. Husa 


A — Study of the Assay of Digitoxin by the U. S. P. XIII Pigeon Method and the U. S. P. XIV Colorimetric 


Assa 440 
Herbert A. Braun and Lehman M. Lusky 


A Note on the Ultraviolet Absorption Spectra of Commercial Heparins ‘ 442 
Katherine A. Lathrop and J. Garrott Allen 


A Note on Corrosion Resistance of Certain Alloys to Iodine Tincture, U.S. P......... 444 
Joseph Gurland 


Advertising. . . Cover pages 2, 3, 4, pages 
New and Nonofficial Remedies Il, 11, v; v. Ss. P. Financial Statement, IV; List of Accredited Colleges, VI, VII 


Copyright 1954, by the American Pharmaceutical Association 


1552) (ss < 
a} 
385 
390 
393 
398 
401 
408 
414 
418 
421 
423 
425 
429 
433 
436 
438 


DRIED GELS 


ACID-CONSUMING CAPACITY 


Better than U.S.P. Minimum 
EVEN AFTER 3 YEARS 


Actual measured values 
in 3-year aging test: 


F-2000 Powdered Gel Aging Test 
for Acid-Consuming Capacity 


At start of test 286 
After 1 year 279 
After 2 years 270 
After 3 years 260 
*Conducted according to U.S.P. XIV acid- 
consuming capacity test procedure 
This is just one more reason why 
REHEIS is the standard of quality in 
dried and compressed Al (OH): gels. 


Write for data and samples 
...just clip this ad to 
your signed letterhead. 
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PRODUCTS RECENTLY ACCEPTED 
BY THE A. M. A COUNCIL ON 
PHARMACY AND CHEMISTRY 


ERYTHROMYCIN. —Ilotycin (Lilly). ——Erythro- 
mycin is an antibiotic isolated from the elaboration 
products of Streptomyces erythreus, when grown by 
deep culture in suitable mediums. The structural 
formula of erythromycin has not been established. 


Actions and Uses.—Erythromycin is clinically 
effective against certain infections caused by Gram- 
positive bacteria. These include certain beta- 
hemolytic streptococci, pneumococci, and staphylo- 
cocci. Bacteriologic studies have shown that ery- 
thromycin is similar to penicillin in antibacterial 
activity; however, at present, there is insufficient 
clinical evidence to warrant the use of erythromycin 
against other Gram-positive microorganisms, such 
as alpha hemolytic and nonhemolytic streptococci, 
or against Gram-negative bacteria, such as menin- 
gococci and gonococci. Bacterial resistance to 
erythromycin may develop rapidly. The drug is 
as active against susceptible penicillin-resistant 
strains as it is against penicillin-sensitive strains. 


Erythromycin may produce mild gastrointestinal 
disturbances. Thus far, such side-effects are in- 
frequent and seem to be related to dosage; large 
doses occasionally cause nausea, vomiting, diarrhea, 
and prostration. Erythromycin does not induce the 
profound change in intestinal flora encountered with 
prolonged use of broad spectrum antibiotics. Con- 
traindications thus far have not developed, but 
until there has been longer experience in its use, 
physicians should be alert to the appearance of un- 
toward reactions. When therapy is prolonged more 
than two weeks, repeated blood counts are advisable. 


Dosage.—Erythromycin is currently administered 
only by the oral route. With specially coated tab- 
lets, the drug may be taken with meals. In this 
form, a single dose of 0.2 Gm. produces an average 
blood concentration of 0.04 to 0.16 meg. per ce. for 
six to eight hours. 


Optimal dosage has not been finally established. 
The average effective dosage for adults ranges from 
0.2 to 0.5 Gm. every six hours; for children, doses 
of 6to8 mg. per Kg. of body weight every six hours 
are suggested. Pneumococcus pneumonia has re- 
sponded to doses of 0.2 Gm. initially and 0.1 Gm. 
every three hours. In severe infections, doses up 
to 0.56 Gm. may be repeated every six hours if 
necessary. Doses in excess of 0.5 Gm. every six 
hours occasionally have produced nausea, vomiting, 
and diarrhea. 
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ERYTHROMYCIN STEARATE.— Erythrocin 
Stearate (Abbott).—-Erythromycin stearate is the 
stearic acid salt of erythromycin. It usually con- 
tains some uncombined stearic acid. The structural 
formula of erythromycin stearate has not been 
established. 


Actions and Uses.—Erythromycin stearate has 
the same actions and uses as erythromycin base. 
The stearate salt, when properly buffered, gives 
blood levels comparable to those obtained with the 
base. 


Dosage.—Erythromycin stearate is administered 
orally. The dosage is expressed in terms of, and is 
identical with, that of the base. For children the 
recommended dose is 4.5 to 6.5 mg. of erythromycin 
base per Kg. (2 to 3 mg. per lb.) of body weight, 
administered at four- to six-hour intervals 


HYDROCORTISONE.—Cortef (Upjohn).—Hy- 
drocortone (Sharp & Dohme).—17-Hydroxycorti- 
W. 362.45.—The struc- 
tural formula of hydrocortisone may be represented 
as follows: 


CH,OH 
HO CH, 
H 


Actions and Uses.—Hydrocortisone may be the 
principal glycogenic steroid secreted by the adrenal 
cortex, and under conditions of stress may partici- 
pate in physiological reactions to a greater degree 
than cortisone. It produces similar and usually 
reversible metabolic effects: retention of sodium and 
water, increased urinary excretion of potassium and 
calcium, hyperglycemia, which may require adjust- 
ment of insulin dose in patients with diabetes 
mellitus, negative nitrogen balance, increased serum 
globulin or reversed albumin-globulin ratio, and 
increased creatine and uric acid excretion. It also 
produces reversible general physiological or hor- 
monal effects, including excessive adrenal cortical 
action such as occasional rounding of the face, mild 
hirsutism, acne, striae of the skin, and amenor- 
rhea. Prolonged administration may cause reduc- 
tion in the size of the adrenal cortex, inhibition of 
the production of corticotropin, and temporary 
symptoms of adrenocortical insufficiency on with- 
drawal of the hormone. It inhibits the activity 
of the lymphatic system, producing lymphopenia 
and reduction in size of enlarged lymph nodes. 
Temporary reduction of urinary corticosteroids 
and 17-ketosteroids and brief suppression of eosino- 
phil response following cessation of therapy occur 
in some patients. Increase in blood pressure rarely 
results except when significant antecedent vascular 
or renal damage is present and when retention of 
sodium and water develops. In some cases a de- 
crease in prothrombin time has been noted, and there 
may be an increased tendency to develop thrombo- 
embolic phenomena. Mental changes may occur in 
some patients, including improved attitude and sense 
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of well-being, insomnia, and rarely intensification 
or precipitation of pre-existent, latent mental de- 
rangement such as schizophrenia. Like cortisone, 
hydrocortisone may reactivate latent tuberculosis 
and other bacterial infections and may cause a 
recurrence of peptic ulcer. Although delay in wound 
healing has been demonstrated in experimental 
animals, primary healing of skin wounds in human 
beings is seldom affected. Hydrocortisone is useful 
in the treatment of frank adrenal insufficiency dis- 
eases, such as Addison's disease; collagen diseases 
such as rheumatoid arthritis and disseminated lupus 
erythematosis; allergic conditions such as intrac- 
table bronchial asthma, hay fever, and urticaria; 
severe skin diseases, such as pemphigus and ex- 
foliative dermatitis; inflammatory diseases of the 
eye involving its systemic action in iritis and irido- 
cyclitis and local action in nonspecific superficial 
keratitis; and in blood diseases such as acute leu- 
kemia and chronic lymphomas. In some condi- 
tions it may be lifesaving; in others its effect is 
merely palliative or temporary. Discontinuance of 
therapy in rheumatoid arthritis may be followed by 
reappearance of signs and symptoms of the disease 
within twenty-four to forty-eight hours. In some 
cases, remission of signs and symptoms may persist 
for several weeks or months. The drug is not effec- 
tive in reversing the permanent pathological changes 
in long-standing rheumatoid arthritis. 

Hydrocortisone may be employed for relief of 
symptoms in nonsuppurative thyroiditis, acute 
Bell’s palsy, and the allergic manifestations of 
trichinosis. When other measures fail in the treat- 
ment of ulcerative colitis, it also may be used if the 
potential danger of hermorrhage and perforation is 
borne in mind. The physiologic and therapeutic 
effects of hydrocortisone are qualitatively similar to 
those of cortisone. Comparative clinical studies 
in patients with rheumatoid arthritis tend to indi- 
cate that hydrocortisone is therapeutically effective 
in smaller doses than cortisone; however, it has not 
been established that the incidence of undesirable 
metabolic or hormonal effects is minimized by the 
use of hydrocortisone as compared to cortisone. 

The advantages of administering hydrocortisone 
should be weighed against its possible deleterious 
effects. Because of its accompanying physiological 
actions, the drug usually is contraindicated for the 
long-term treatment of any condition complicated by 
diminished cardiac reserve, congestive heart failure, 
with the possible exception of failure caused by acute 
rheumatic carditis, hypertension, latent or overt psy- 
chotic tendencies, severe diabetes mellitus, advanced 
cachectic states, renal insufficiency, and senescence. 
It is also relatively contraindicated in the presence of 
recent surgical repairs, such as intestinal anastomoses. 
The presence of active or questionably healed tuber- 
culosis is an absolute contraindication. Since pro- 
longed therapy can mask the signs and symptoms of 
either acute or chronic infection, special care is neces- 
sary to detect any reactivation of latent chronic infec- 
tion that may occur. X-ray examinations of the 
chest should be made in all patients receiving ex- 
tended treatment. 

Hydrocortisone is readily absorbed following oral 
administration; the effects of such medication are 
manifest in 3 to 10 hours and persist about 12 to 
14 hours. Its onset and duration of antirheumatic 
action seems comparable to that of cortisone. 
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Dosage.—Hydrocortisone is administered orally. 
Daily observation is essential to determine indi- 
vidual response and to establish maintenance dos- 
age. Routine determinations of blood pressure and 
body weight as well as a urinalysis, electrocardio- 
gram, and complete blood count are essential. 
Occasionally such special studies as blood sugar, 
carbon dioxide combining power, and blood electro- 
lytes are advisable. The dosage should be adjusted 
to the minimum amount that will provide relief 
adequate for rehabilitation; this adjustment may 
minimize or avoid hypercortisonism. Studies thus 
far indicate that the clinically effective oral dos- 
age ratio of hydrocortisone to cortisone averages 
1:1.6. For rheumatoid arthritis, the initial average 
daily dosage for adults is 40 to 80 mg. given in 
divided doses four times a day, until the desired 
effect is obtained (not over two weeks); the dosage 
is then reduced by steps of not more than 10 mg. 
to the minimum effective maintenance level. 
Withdrawal of treatment should ke accomplished 
by similar gradual reduction. Variations in the 
daily maintenance dosage should be adjusted to 
meet the natural fluctuations of the disease, and 
therapy should be withdrawn occasionally long 
enough to determine whether remission has occurred. 
In other diseases a dose of 20 tag. of hydrocortisone 
is recommended whenever a 25-mg. dose of cortisone 
would otherwise be indicated. Other dosage also 
may be estimated on the basis of this same ratio. 

The appearance of exaggerated hormonal effects 
may require withdrawal of therapy. The drug 
should not be withdrawn from surgical candidates, 
for increased dosage may be required. With pro- 
longed therapy, restriction of sodium and ad- 
ministration of potassium chloride may be necessary 
to maintain electrolyte balance. The cautious use 
of duretics may be temporarily indicated, but these 
may provoke a further dangerous loss of potassium. 
In patients with diabetes mellitus, insulin require- 
ments may be increased. Activity should be re- 
stricted in cardiovascular disease. 

Continued supervision of patients is essential after 
discontinuation of therapy because the drug may 
continue to act for some time after the last dose. A 
temporary hypoadrenal state, manifested by weak- 
ness and hypoglycemia, may occur after abrupt 
withdrawal, but return of adrenal function may be 
expected within two weeks. 


Tests and Standards.— 


Physical Properties: WUydrocortisone is a white, odorless 
powder, m. p. 215-220° (with decomposition). It is freely 
soluble in dioxan and in methanol, and very slightly soluble in 
ether and in water. The approximate amounts that dissolve 
in the following solvents to form 100 ml. of solution are: 2.0 
Gm. in alcohol and 0.4 Gm. in chloroform. 

Identity Tests: Dissolve about 25 mg. of hydrocortisone 
in 10 ml. of alcohol and add 15 ml. of a saturated solution of 
2,4-dinitrophenylhydrazine in 2 N hydrochloric acid: a red 
precipitate forms (distinction from cortisone acetate and hydro- 
cortisone acetate which give reddish orange precipitates). 

Put 3-4 mg. of hydrocortisone in a 5-ml. test tube and add 
alcohol dropwise, warming the suspension after the addition 
of each drop, until solution is complete. Add 2 drops of 
water to the hot solution and transfer to a microscope slide 
a drop of the resulting suspension. View the drop under low 
magnification (10 X ocular and 10X objective): a large pro- 
portion of the crystals are rectangular (distinction from cor- 
tisone acetate, which crystallizes in slender rods, some of them 
radiating, and from hydrocortisone acetate, which crystallizes 
as triangular prisms). 

(For more information regarding this monograph, see J. 
Am. Med. Assoc., 155, 442(May 29, 1954). 


(Continued on page V) 
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FOURTH ANNUAL FINANCIAL STATEMENT BASED UPON 
THE REPORT OF THE AUDITOR FOR THE YEAR ENDED 
DECEMBER 31, 1953 


STATEMENT OF INCOME AND EXPENSE (GENERAL FUND) 


Income 
Sale of Pharmacopoecias 
Collections P $40,598 20 
Add: Increase in Accounts Receivable 
Balance, December 31, 1953 
Balance, December 31, 1952... ... 748.70 41,346.90 
Sale of Reference Standards, A. M. A. Articles, etc 
Collections sewed $15,018. 
Deduct: Decrease in paremate Receivable 
Balance, December 31, 1952 . § 2: 
Balance, December 31, 1953 awnnh iat 857.1 720 
$14, 298.6: 
Less: Adjustment of Prior Year's Collections ; ; 
Interest on Investments 
Less: Amortization of bond Premiums 
Interest on Savings Deposits 
Use of Text by Others 
Miscellaneous...... . 
Total Income. 
Less Expense 
Revision 
Cash Disbursements 
Add: Decrease in Inventory 
Balance, December 31. 1952...... 2 
Balance, December 31, 1053 867 66 
Administration ‘ 
Publication and Sales 
Cash disbursements... $11,729.: 
Add: Decrease in Inv entory. 
Balance, Decem er 31, 1952 
Balance, December 31. 1953 
Headquarters—New York 
Cash Disbursements 
Add: Depreciation Expense 
Building..... 
Furnishings and Equipment 


Total Expense . 
Excess of Expense over Income... 


62,309 
17,324. 2 


STATEMENT ON CASH RECEIPTS AND DISBURSEMENTS (GENERAL ACCOUNT) 


Cash on Deposit, December 31, 1952 $206 453.89 
Add: Receipts 

Sale of Pharmacopoeias $40,598.20 
Sale of Reference Standards, A.M. A. Articles, ete 15,018.70 
Interest on Investments ...... 4 6,8! 
Interest on Savings Deposits 
Use of Text by Others 
Miscellaneous. . . 146 33 63 3. 270,033.24 


Less: Disbursements 
Head- 
Adminis Publication quarters 
Revision tration and Sales New York 
Expense 
Printing and 


§ 
Meetings... . 1,627.6 
Supplies... 2% 51 
Postage and Telegrams 33 
Utilities ‘ ¥ dun 1,634.96 
Repairs and Maintenance 1,664.25 
General 17,011. 02¢ 11,241. 
Taxes 124.00 
Furnishings and Equipment. . 1,094 06 3,492.10 
$62 535, 82 $17,324 $8 345.31 99 934.68 
Invest ments 49,145.00 149,079 68 
Cash on Deposit, December 31, 1953... ‘ $120, 953.56 


* Retirement and Social Security ae; Auditor $ 459.00 
Reference Standards Stock. . 2,0: 5 Counsel fees... . 10, 91 
Assistant, Supplies, ete. Dr. Bea!'s Subcommittee 5,675 Miscellaneous. . 7.00 
Miscellaneous. . ‘ «ee 90 


$17,011 02 
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TOLAZOLINE HYDROCHLORIDE. Priscoline 
Hydrochloride W. 
196.68.—2-Benzyl-2-imidazoline hydrochloride. 
The structural formula of tolazoline hydrochloride 
may be represented as follows: 


HCI 


Action and Uses.—Tolazoline hydrochloride is a 
potent adrenolytic, sympatholytic, and vasodilator 
drug. It blocks the transmission of impulses by 
sympathetic nerves, probably at their receptors, 
and also blocks the vasoconstrictive action of circu- 
lating epinephrine and levarterenol (/-norepine- 
phrine). After blocking these sympathomimetic 
agents, the drug may cause ‘‘epinephrine reversal” 
by unmasking their vasodilating component. Un- 
like other adrenolytic drugs, tolazoline also produces 
a direct and histamine-like dilating effect on the wall 
of small blood vessels. Because the drug virtually 
abolishes normal vascular tone as well as neuro- 
genic and humoral vasoconstriction in the extrem- 
ities, it also can be employed as a diagnostic agent 
for the same purpose as sympathetic procaine block 
anesthesia, that is, to distinguish between functional 
(vasospastic) and organic (obstructive) components 
in occlusive peripheral vascular disease. The result- 
ant increase in blood flow likewise provides an index 
of the initial vasospasm and the degree to which a 
decrease in normal vascular tone will augment 
blood flow in ischemic tissues; however, such in- 
formation cannot be used to forejudge the possible 
results to be accomplished by sympathectomy. 

Tolazoline hydrochloride is as effective orally as it 
is parenterally, except for the time of onset and 
maximum response. When administered orally, 
maximal vasodilation occurs in forty-five to one- 
hundred minutes; intramuscular injection produces 
maximal response in thirty to sixty minutes. This 
vasodilating action usually persists for several hours. 
Although the drug has relatively low toxicity, its 
use is accompanied by various side effects. Flush- 
ing, goose flesh, formication, and a sensation of chilli- 
ness or warmth usually occur at the beginning of 
treatment, but their incidence usually decreases as 
administration is continued. Tachycardia, tingling, 
nausea, and epigastric distress may occur occasion- 
ally. Vomiting or diarrhea may be encountered 
rarely. A slight hypotensive effect occasionally may 
be accompanied by postural hypotension; a slight 
rise in blood pressure is also possible. Gastric symp- 
toms may be controlled readily by the use of an 
antacid or by prescribing oral medication after 
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meals. Parasympathomimetic agents may be 
employed to counteract effects of the drug on the 
lower digestive tract. Intra-arterfal administration 
is associated with a feeling of warmth or even a 
burning sensation throughout the treated limb. 
Minimal side effects of arterial injection include 
flushing and piloerection, transient postural vertigo, 
and slight tachycardia; the first two effects are used 
as criteria for the most effective dosage by that 
route. 

Dosage.—Tolazoline hydrochloride is admin- 
istered either orally or parenterally by subcutaneous, 
intramuscular, intravenous, or intra-arterial injec- 
tion. The oral route, either alone or in conjunction 
with parenteral therapy, is preferred when pro- 
longed treatment is necessary. The most effective 
dosage is reached at or just below the point when the 
skin becomes flushed and the patient experiences a 
feeling of chilliness; therefore, the dosage must be 
carefully individualized and adjusted in accordance 
with the optimal vasodilation and side effects. The 
usual initial oral dose for adults is 25 mg. four to 
six times daily; this may be increased gradually to 
obtain the desired response. The usual parenteral 
dose for adults ranges from 25 to 75 mg. injected 
four times daily, with the patient under close ob- 
servation. A cutaneous sensation of crawling, 
chilliness with resultant goose flesh, or a feeling of 
warmth indicate when effective dosage has been 
reached. Intravenous injection of as much as 200 
mg. (in three divided doses of 50, 50, and 100 mg.) 
within a period of two hours has been administered 
in some instances. 

Intra-arterial injection should be carried out only 
by those experienced in the procedure, preferably in 
a hospital or clinic, and then usually only after the 
maximum benefit from administration of the drug 
by other routes has been tried. Injection is made 
into the femoral, brachial, or radial artery. For 
adults, an initial test dose of 25 mg. should be ad- 
ministered slowly for the first injection to determine 
the response of the individual patient. The subse- 
quent average dose ranges from 50 to 75 mg., ad- 
ministered once or twice daily at the outset. This 
dosage may be reduced later to two or three times 
weekly to sustain improvement and may be em- 
ployed in conjunction with oral therapy to main- 
tain vasodilatation between injections. 

With continued therapy, a cumulative vasodilat- 
ing effect has been observed, which may sustain 
blood flow in peripheral vessels at comparatively 
high levels. This effect is attributed to the pro- 
moting of the development of collateral circulation 
and -e-establishment of functioning channels. 


Tests and Standards.— 


Physical Properties: Tolazoline hydrochloride is a white 
or slightly off-white, bitter powder with a slight aromatic 
odor, m. p. 173.0-176.0°. It is freely soluble in alcohol, chlo 
roform, and water; and very slightly soluble in ether and 
ethyl acetate. The pH of the 2.5°% solution is 4.9-5.3 

{For more information regarding this monograph, see J. 
Am. Med. Assoc., 155, 1954).] 


In Bangor. Penna., or in Bangkok. Siam. 


Philadelphia for Pharmacy 


Young men and women 


from many distant states and foreign countries come to this institution, oldest yet most modern of its 
kind in the Americas. B.Se., M. Se. and D. Se. degree courses. Also schools of Chemistry, Bacteriology 


and Biology. Founded in 1821. Write for free catalog. 
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Class A—Those colleges which have no 
significant deficiences. 

Class B—Those colleges which have de- 
ficiencies that normally can be cor- 
rected promptly by administrative 
action. 

Class C—Those colleges which have de- 
ficiencies that will take considerable 
time and effort to correct. A college 
in this class will be given a reasonable 
period to be determined by the Council 
in which to correct its deficiencies or 
show cause why it should not be 
dropped from the list of accredited 
colleges. 


Class Y—-Newly established colleges 


which have at least two years of their 


undergraduate curricula accredited. 
Accreditation in these instances will be 
temporary and a college thus accred- 
ited will be designated as Y-2 or Y-4 
to indicate the number of years of the 
curriculum which have been accred- 
ited. Aclass Y college which does not 
apply for full accreditation or one 
which applies for full accreditation but 
does not meet all requirements for 
accreditation as a class A college within 
one year after the full undergraduate 
curriculum has been in operation, will 
be required to show cause why it 
should not be dropped from the list of 
accredited colleges. 
Unclassified—-Those colleges which are 
in operation and accredited but which 
are in process of becoming affiliated 
with and becoming an integral part of 
another educational institution. Such 
colleges will continue to be accredited 
by the Council but will remain unclassi- 
fied during the transition period. 
The educational institution concerned 
will be permitted a reasonable period 
of time, normally not to exceed two 
years, to effect those adjustments 
enabling the college of pharmacy to 
become accredited as a Class A College. 


ALABAMA 
Alabama Polytechnic Institute, Auburn 
Howard College, Birmingham 


ARIZONA 


University of Arizona, Tucson 


ARKANSAS 


University of Arkansas, Little Rock 


CALIFORNIA 
University of California, San Francisco 
University of Southern California, Los Angeles 


COLORADO 
University of Colorado, Boulder 


CONNECTICUT 


University of Connecticut, Storrs 


DISTRICT OF COLUMBIA 
George Washington University, Washington 
Howard University, Washington 


FLORIDA 


University of Florida, Gainesville 


GEORGIA 
Southern College of Pharmacy, Atlanta 
University of Georgia, Athens 


IDAHO 
Idaho State College, Pocatello 


ILLINOIS 


University of Illinois, Chicago 


INDIANA 
Butler University, Indianapolis 
Purdue University, Lafayette 


IOWA 
Drake University, Des Moines 
State University of lowa, lowa City 


KANSAS 


University of Kansas, Lawrence 


KENTUCKY 
University of Kentucky, Louisville 


LOUISIANA 
Loyola University, New Orleans 
Xavier University, New Orleans 


MARYLAND 
University of Maryland, Baltimore 
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Classifi- 
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MASSACHUSETTS 
Massachusetts College of Pharmacy, Boston 
New England College of Pharmacy, Boston 


MICHIGAN 


Detroit Institute of Technology, Detroit 
Ferris Institute, Big Rapids 

University of Michigan, Ann Arbor 
Wayne University, Detroit 


MINNESOTA 


University of Minnesota, Minneapolis 


MISSISSIPPI 


University of Mississippi, University 


MISSOURI 

St. Louis College of Pharmacy and 
Allied Sciences, St. Louis 

University of Kansas City, Kansas City 


MONTANA 


Montana State University, Missoula 


NEBRASKA 
Creighton University, Omaha 
University of Nebraska, Lincoln 


NEW JERSEY 
Rutgers University, Newark 


NEW MEXICO 


University of New Mexico, Albuquerque 


NEW YORK 
Columbia University, New York 
Fordham University, New York 
Long Island University, 
Brooklyn College of Pharmacy, Brooklyn 
St. John’s University, Brooklyn 
Union University, Albany 
University of Buffalo, Buffalo 


NORTH CAROLINA 
University of North Carolina, Chapel Hill 


NORTH DAKOTA 
North Dakota Agricultural College, Fargo 


OHIO 

University of Cincinnati, Cincinnati 
Ohio Northern University, Ada 
Ohio State University, Columbus 
University of Toledo, Toledo 


* Unclassified 
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OKLAHOMA 
Southwestern State College, Weatherford A 
University of Oklahoma, Norman A 


OREGON 
Oregon State College, Corvallis 


PENNSYLVANIA 

Duquesne University, Pittsburgh 

Philadelphia College of Pharmacy 
and Science, Philadelphia 

Temple University, Philadelphia 

University of Pittsburgh, Pittsburgh 


PUERTO RICO 
University of Puerto Rico, Rio Piedras, P.R. 


RHODE ISLAND 
Rhode Island College of Pharmacy and 
Allied Sciences, Providence 


SOUTH CAROLINA 
Medical College of South Carolina, Charleston 
University of South Carolina, Columbia 


SOUTH DAKOTA 
South Dakota State College of Agriculture 
and Mechanic Arts, Brookings 


TENNESSEE 


University of Tennessee, Memphis 


TEXAS 

Texas Southern University, Houston 
University of Houston, Houston 
University of Texas, Austin 


UTAH 
University of Utah, Salt Lake City 


VIRGINIA 
Medical College of Virginia, Richmond 


WASHINGTON 
State College of Washington, Pullman 
University of Washington, Seattle 


WEST VIRGINIA 


West Virginia University, Morgantown 


WISCONSIN 
University of Wisconsin, Madison 


WYOMING 


University of Wyoming, Laramie 
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Preview of AAduertising 


In the July 1954 issue of the 
Practical Pharmacy Edition 


{All references to actions and uses are taken from the statements 
of the producers of the products mentioned.) 


It’s Iberol for iron-deficiency and nutri- 
tional anemias, says Abbott Laboratories. 
And in °n additional insertion, Abbott pic- 
tures th» speed with which its Filmtab 
Erythrocin, disintegrates. 


> Arlacel, Sorbo, Span and Tween are some 
of the adjuncts offered by Atlas Powder 
Company for use in pharmaceutical prepa- 
rations. 


> “The Snifflers are coming” warns Hoff- 
mann-La Roche in advocating Thephorin 
for relief from hay fever. 


> Cobroxin, reports Hynson, Westcott & 
Dunning, “is being used successfully as a 
non-habit forming analgesic for the control 
of intractable pain.” 


> ‘Surfadil’ is Eli Lilly and Company’s new 
name for its antihistaminic-anesthetic lo- 
tion, formerly known as ‘Histady!’ and ‘Sur- 
facaine.’ 


> The S. E. Massengill Company lists the 
tollowing prescription specialties in its an- 
nouncement: Adrenosem, Aminodrox, 
Broniacin, Livitamin, Massengill Powder, 
Obedrin, Salcedrox, and Semhyten. 


>“. . . and be sure he takes his [Merck] 


Vitamines!” admonishes their maker. 


> So that you will “handle your reputation 
with care,” Owens-Illinois advocates the 
use of its prescription containers. 

> Caladryl is Parke, Davis & Company's 


contribution for the relief of sunburn. 


> Such is its reputation that students from 
all over the world matriculate at Phila- 
delphia College of Pharmacy and Science. 


> Donnagel is the A. H. Robins Company's 
new antidiarrheal. 


> New on the market is Roerig’s Tetracyn 
in the form of banana flavored pediatric 


drops. 


> Sharp & Dohme counsels the use of 
Cremosuxidine for the control of specific 
and nonspecific diarrhea. 


> In two insertions, Smith, Kline & French 
(a) announces the availability of Dexamyl 
Spansule in two dosage strengths and (b) 
stresses the rapid turnover of Benzedrex 
Inhalers. 


> E. R. Squibb & Sons emphasizes that its 
Rauwolfia production, Raudixin, lowers 
blood pressure in gradual, moderate stages. 


> For the treatment of diarrhea, the Upjohn 
Company reaffirms the proven effectiveness 
of its Kaopectate. 


> Panthoderm Cream is U. S. Vitamin 
Corporation’s contribution for the treat- 
ment of diaper rash, eczemas, dermatoses 
and burns. 


> Crystoserpine, a new addition to the 
Smith-Dorsey line of Rauwolfia prepara- 
tions, “provides the valuable hypotensive, 
sedative, and bradycrotic actions of Rau- 
wolfia serpentina.” 


> For the relief of pain in rheumatoid dis- 
orders, Warner-Chilcott suggests its new 
Acetycol. 


> Monodral Bromide is Winthrop-Stearns’ 
new anticholinergic agent. 


> Look for details in the Practical Pharmacy Edition of This Journal—Out July 20 
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Studies on the Stability of Fumagillin* 


I. Photolytic Degradation in Alcohol Solution 


By EDWARD R. GARRETT and THOMAS E. EBLE 


The loss of biological ——. of fumagillin has been statistically correlated with the 


loss of s rophotometric 


sorptivity at 351 mu. 


Photolytically induced destruc- 


tion of fumagillin in solution is not necessarily photooxidation and is caused pri- 


marily by light below 400 mu. 


The fumagillin chromophore is photolytically and 


stoichiometrically transformed by first-order rates to new chromophores termed 


“neofumagillin(s)” 
ima are shifted to the violet. 
mathematical analyses of rate studies. 


in which the apparent absorptivities are decreased and the max- 
The spectrum of neofumagillin is proposed as based on 
The i chromophores are then 


olytically degraded by pseudo first-order rates. 


boa ANTIBIOTIC fumagillin, which was first 
isolated in this laboratory (1), has been 
shown to be a monoester of decatetraenedioic 
acid (2): 
COOH. Fumagillin possesses a_ strong 
chromophore in the ultraviolet with peaks at 336 
mu and 351 my (Fig. 4) which can be attributed 
to the acid portion of the molecule. Preliminary 
stability studies had shown correlation between 
loss in biological activity and loss in absorbance 
of these chromophores when fumagillin was 
exposed to the attack of air, light, or heat—both 
in and out of solution. In order to determine 
conditions necessary for preservation of anti- 
biotic activity an investigation of the quantita- 
tive effect of these degrading influences was 
undertaken. This paper deals with the photoly- 
tic degradation of fumagillin in ethanol solution 
as measured spectrophotometrically. The ab- 
sorbance is correlated with biological activity 
and used to follow the rates of degradation. 


* Received March 4, 1954, from the Research Division, 
The Upjohn Company, Kalamazoo, Mich. 


EXPERIMENTAL 


Correlation of Biological Activity of Fumagillin 
with Assay Procedures. —The S. aureus phage assay 
(3) was statistically correlated with the apparent 
absorptivity! (4) of photolytically degraded fuma- 
gillin at 336 my, 351 my, and 360 my. A 1-mg./ml. 
solution of fumagillin in 95% ethanol was sampled at 
various intervals during intensive light degrada- 
tion.* 

The biological assay value (/’) is given in terms 
of wg. of fumagillin activity per mg. of sample, 
where an early sample had been defined as 1000 yg. / 
mg. (Pure fumagillin is now assigned an absorptiv- 
ity (a) of 147.5 at 35/myp which would correspond 
to a biological activity of 1280 yg./mg. by the 
phage assay.) The statistics of correlation are 
given in Table I for 31 pairs of data. The regres- 
sion equation is P (wg./mg.) = ma (liter/Gm.-em. ) 
— b, where m and » are slope and intercept, respec- 
tively. 

A correlation coefficient of r = 1 represents a 1:1 
correspondence of phage assay and absorptivity. 
It appears that biological activity (/’) of fumagillin 
is most accurately predicted by its absorptivity (a) 

' All absorptivities were calculated from absorbances in 
95° ethanol at 0.01 mg./ml 


2 This same I-mg./ml, study is considered in Tables IV 
and V. 
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Tassie 1.—Sratistics oF CORRELATION AND REGRESSION FOR S. AUREUS PHAGE Assay (P) on ABSORPTIVITY 
(a) 


Correlation Slope or 
Coefficient Regression 
(r) Coefficient (m) 
0.975 
0.981 
0.978 


Biological activity (P) 


Absorptivity (a) 

Fig. 1.—Plot of biological activity (/) against 
S. aureus in yg./ml. vs. apparent absorptivity (a) 
in liter/Gm.-cm. at 351 my for fumagillin. The 
solvent is 95% ethanol. The solid line is of best 
statistical fit and the dashed lines are 95% confi- 
dence limits of a predicted P from a specific a. 


at 351 my (Fig. 1). This choice of 351 mu was fur- 
ther substantiated by the results of rate studies in 
photolytic degradation which will be discussed 
later. 

Preliminary Studies on Photolytic Degradation 
of Fumagillin in Solution.—-In order to determine 
whether the cause of fumagillin degradation in 
solution when exposed to light was photolytic, photo- 
oxidative, or oxidative the following experiment 
was conducted. Twenty-five milliliters of a 1.0 
mg./ml. solution of fumagillin in 95% ethyl alcohol 
was placed in each of ten test tubes. Five tubes 
were covered from light and five were left uncovered. 
The tubes were placed horizontally in ruaning cold 
water and a G. E. Photospot RSP2 lamp was 
mounted six inches above to serve as a light source. 
Oxygen was bubbled into two covered and two 
uncovered tubes, and nitrogen was bubbled into two 
covered and two uncovered tubes. The other two 
tubes served as controls. After six hours the fuma- 
gillin content of each tube was assayed by the S. 
aureus phage technique and by absorptivity at 
351 myu.* The data are tabulated in Table IT. 

It may be concluded that the destruction of 
fumagillin exposed to light is primarily photolytic. 

The Wavelengths of Light Responsible for the 
Photolytic Degradation of Fumagillin.—Equal ali- 
quots of a 1.0 mg./ml. solution of fumagillin in 95% 
ethanol were placed in an Atlas Fade-ometer FDA-R 


* We are indebted to Dr. J. L. Johnson and L. S. Scholten 
of our Physics Department for many of the spectrophoteo- 
metric values, 


95°, Confidence 95% Confidence 

Limits of Limits of a Pre- 

Slope Intercept (>) dicted P(ug./mg.) 
+0.73 130.2 +181 
+0. 65 38.3 +156 
+1.27 36.0 +174 


(5) for a period of five hours.‘ Each sample was 
shielded from the carbon arc by a suitable glass 
filter transmitting light only above a certain wave- 
length. The fumagillin was assayed by apparent 
absorptivity at 351 my in 95% ethanol. The re- 
sults are recorded in Table III. 


Il.—-Errect or Licut on 1.0 mG. /ML. Soiu- 
TIONS OF FUMAGILLIN IN 95% ETHANOL 


% Fumagillin % Fumagillin 
by U. V. Assay by S. aureus 
Treatment at 351 mya Phage Assay 
Control 100 (assigned) 100 (assigned ) 
Control + light 86 67 
Light + oxygen 
Light + oxygen 
Oxygen 
Oxygen 
Light + nitrogen 
Light + nitrogen 
Nitrogen 
Nitrogen 


TaBLe REGION RESPONSIBLE 
FOR FUMAGILLIN DEGRADATION 


Fumagillin by 


U. V. Assay at 
Treatment 351 mya 


Control, protected from light 100 (assigned ) 
Shielded from light below 605 my 91 
Shielded from light below 550 my 90 
Shielded from light below 460 mua 100 
Shielded from light below 380 mu 84 
Shielded from light below 280 mu 43 


It may be concluded that fumagillin in ethanol 
solution is most readily destroyed by the wave- 
iengths of light below 400 my. This includes the 
wavelengths corresponding to the maxima of the 
chromophores at 351 my and 336 my (Fig. 4). 

Rate Studies on Photolytic Degradation of Fuma- 
gillin in 95% Ethanol.—The photolytic degrada- 
tions of fumagillin were conducted in an Atlas Fade- 
ometer which emits light of about twice the intensity 
of average summer sunlight (5, 6). The intensity 
of Fade-ometer light is, in general, a function of the 
are gap, age, and amperage of the electrodes and the 
cleanliness of the containing globe. The tempera- 
ture of operation was 34°. 


*‘ We are indebted to F. H. Bither and J. E. Kramer for 
the use and operation of the Fade-ometer. 


= 
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Thirty milliliter aliquots of fumagillin solution, 
1, 3, and 4 mg./ml. in 95% ethanol, were placed in 
l-oz. clear, white, glass bottles* and nitrogen was 
bubbled through to purge the solution of residual 
air. As each sample was removed from the Fade- 
ometer at timed intervals, it was immediately stored 
in the dark under refrigeration until assayed spectro- 
photometrically for apparent absorptivity (a in 
liters/Gm.-cm.). Control samples, covered with 
thick black paper, were maintained in the Fade- 
ometer and at room temperature for the duration 


ofthe run. Control loss did not exceed 5%. 


Taste IV.—TABULATION OF THE SLOPES* OF 

PLots: LOGARITHM OF APPARENT ABSORPTIVITY IN 

95% ErHanov vs. Time in Hours oF PHOTOLYTIC 
DEGRADATION? 


Initial 

4 mg./ml. 
0.050 
0.050 
0.051 
0.051 
0.055 
0.050 


3 mg./ml. 
0.043 
0.050 
0.053 
0.054 
0.055 
0.057 


1 mg./ml.¢ 


0.066 


0.063 
® The first-order rate constant, k in hr.~, may be ob- 
tained by multiplying the slope by 2.303. 
» Absorbance values after thirty hours are negligible above 
245 ma. 
© The 1 mg/ml. photolysis was done at a different time 
than the 3 and 4 mg./ml. studies. 


RESULTS AND DISCUSSION 


The Disappearance of the Fumagillin Chromo- 
phore.—A plot of the logarithm of the apparent 
absorptivity in liter/Gm.-cm. (log a) is given in Fig. 
2 for the photolytic degradation of fumagillin at 1 
mg./ml. in 95% ethanol. This is typical of the 
plots for the 3 and 4 mg./ml. studies. At wave- 
lengths above 345 my, the curves are linear and the 
slopes (2/2.303) of these plots are constant and 
equal (Table IV). This first-order rate of degrada- 
tion defined by Eq. 1 is in accord with these data. 


log a = —(k/2.303)t + log ao (1) 


where 


observed absorptivity. 
(observed absorbance )/conc. in Gm./liter in 
l-cm. cell). 
do = absorptivity of original fumagillin at zero 
time. 
k = first-order rate constant in hr.~! 


These facts are evidence that none of the prod- 
ucts of the degradation of fumagillin in ethanol sig- 
nificantly absorb at wavelengths greater than 345 
my. Absorptivity at these wavelengths is a good 
physical standard for determination of fumagillin 


* Each wall of a glass bottle had absorbances against air 
from 370 my to 300 muy, at 10 my intervals of: 0.00, 0.01, 
0.03, 0.09, 0.22, 0.52, 1.10, and 2.26. 
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Time (¢) in hours 

Fig. 2.--The photolytic transformation of fuma- 
gillin to neofumagillin. Plot of the logarithm of the 
apparent absorptivity (a@ in liter/Gm.-cm.) at 
various wavelengths against time (¢) in hours for 
photolytic degradation by Fade-ometer of a 1 mg./ 
ml. solution of fumagillin in 95% ethanol. 


purity. The higher absorptivity and the occurrence 
of a maximum at 351 my make this wavelength 
more sensitive than 360 my. 

The Appearance of New Chromophores: ‘‘Neo- 
fumagillin(s).""—At wavelengths shorter than 345 
my a plot of the logarithm of apparent absorptivity 
vs. time is not linear for the first thirty hours. The 
absorptivity ratios for any wavelength pair are not 
constant. (See Fig. 2.) The slopes of such plots 
are negative and increase with decreasing wave- 


Log/A(t + y) — 


iL i i 


2 3 4 5 6 
Time (¢) in hours 


Fig. 3.—-The “Guggenheim”’ plot for the photo- 
lytic transformation of fumagillin to neofumagillin 
at various wavelengths. Plot of the logarithms of 
the absolute value of the difference in absorbances, 
log (Au,y—At), after y = 4 hours against the time 
(t) in hours. The 1 mg./ml. solution of fumagillin 
in 95% ethanol was diluted 100 times forfspectro- 
photometric reading of absorbances, 
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lengths. At wavelengths below 300 muy, the slopes 
become positive. A plausible explanation of ab- 
sorptivity increase at lower wavelengths concomi- 
tant with absorptivity decrease at higher wave- 
lengths is that the fumagillin chromophore is trans- 
formed to new chromophores (i. ¢., “‘neofumagillin”’ 
which may be one or more entities), which absorb at 
lower wavelengths. This hypothesis may be tested 
by application of the Guggenheim expression (7): 


kt + In(Au + y) — Ac) = In — ao) (1 
e~ky)/C| = constant (2) 


where 


the first-order rate constant for the 
transformation of fumagillin§ to 
neofumagillin. 

absorbance (or apparent absorptivity) 
observed at time ¢ hr. 

absorbance (or apparent absorptivity) 
observed at y hr. later than ¢ hr. 

conc. of fumagillin in Gm. /liter. 

absorptivity of pure fumagillin. 

absorptivity of neofumagillin on as- 

sumption of complete transformation 

from fumagillin. 


if the postulates of Eq. 2 are valid, then when the 
log of the difference in absorbances (A; — Au + 4)) 
after an interval of y hours is plotted against the 
time (¢) of the first absorbance reading (A;), the 
slope of the lines should be equal. This should be 
independent of the wavelength and the positions 
of the absorption maxima of fumagillin and neo- 
fumagillin. It should also be independent of 
whether the true absorbance at a wavelength 
initially increases or decreases with time. 


a) 


Absorpivity 


Wavelength in mu 
Fig. 4.—-Ultraviolet spectra of fumagillin (open 
circles) and estimated ultraviolet spectra neofuma- 
gillin (solid circles). 


The decomposition of neofumagillin subsequent 
to its formation from fumagillin would cause devia- 


tion from the behavior expected by Eq. 2. This 
may be minimized by choosing a difference in ab- 
sorbances from shorter time intervals before sig- 
nificant neofumagillin degradation has occurred. 

The validity of these postulates and Eq. 2 is 
confirmed since the slopes of such plots at various 
wavelengths are equal (Fig. 3) and also equal to the 
slopes of first-order rate curves above 345 mu (Fig. 
2 and Table I\). 
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An estimate of the ultraviolet spectra of neo- 
fumagillin can be made and is given in Fig. 4 since 
Eq. 2 can be solved for a,,, where ao, &, y and the 
absorbances are known. 

The time of almost complete disappearance of 
absorbances above 350 my corresponds to the maxi- 
mum absorbances obtained at wavelengths less 
than 300 mg. Thus, a stoichiometric transforma- 
tion of fumagillin to neofumagillin may be postu- 
lated. 

The Decomposition of Neofumagillin.—On subse- 
quent exposure in the Fade-ometer there is a de- 
crease in the absorbances of the neofumagillin 
spectra at all wavelengths, although at much slower 
rates than their prior appearance. There is an ap- 
parent decrease in rate of absorbance destruction 
with the wavelength at which the absorbance was 
measured. This is shown in Fig. 5. These degrada- 
tions are pseudo first order since log plots of absorb- 
ances vs. time are linear after thirty hours. The 
slopes (k'/2.303, where k’ is hr.~') are given in 
Table V for the various wavelengths and concen- 
trations studied. 

The highest wavelength where absorptivity in- 
creases prior to this subsequent decrease at twenty 


Time (/) in hours 


Fig. 5.—-The photolytic degradation of neo- 
fumagillin. Plot of the logarithm of the apparent 
absorptivity (a in liter/Gm.-cm.) at various wave- 
lengths against time (/) in hours for photolytic degra- 
dation of fumagillin solutions in 95% ethanol by 
Fade-ometer. The white symbols are for 3 mg./ml. 
solutions and the black symbols are for 4 mg./ml. 
solutions. 
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TABLE \V.—TABULATION OF THE SLOPES* OF PLOTS 
oF Loc APPARENT ABSORPTIVITY vs. TIME IN Hours 
Arter Twenty Hours or PuHorotytic DEGRADA- 
TION IN FADE-OMETER 


Initial 
Cone. 
my 1 mg./ml. 3 mg./mil. 4 mg./ml. 
236 0.0013 
248 0.0040 0.0036 0.0029 
260 0.0055 0.0048 0.0040 
0060 0.0048 0.0040 


0.0073 0.0067 
296 0.0096 0.0100 0.0092 
300 
308 0.0119 0.0120 0.0109 


320 0.0128 0.0169 0.0138 


a aeiety by 2.303 to obtain the first-order rate con 
stant 


hours is about 295 mg. At about 300 my there is 
no apparent change in absorbance before twenty 
hours. This wavelength is an isobestic point where 
absorptivities of fumagillin and the neofumagillin 
having a maximum at 308 my are equal. If other 
neofumagillins exist, they do not significantly ab- 
sorb in this region. 

Possible Neofumagillin Chromophores.—-The 
change in the fumagillin chromophore in solution 
to the neofumagillin chromophores must involve a 
decrease in the conjugation of the decatetraenedioic 
moiety. This may involve cleavage, dimerization, 
or cyclization with subsequent isomerization or al- 
lylic double-bond shifts.* It has been suggested by 


* The actual mechanisms are undoubtedly complex. The 
ultraviolet absorption spectrum of the antibiotic (Fig. 4) 
is such that 90°% of the incident effective light is absorbed 
within 25-100 microns and 99% is absorbed within 50-200 
microns (for the concentration range 4-1 mg./ml.). This 
distance, d in cm., into the solution for LOOT % absorption is 
calculated from the expression d = (log 1/T)/ac, where a = 
100 liter/Gm.-cm. is the estimated absorptivity of this ef 
fective light and ¢ is the concentration of fumagillin in Gm 
liter. Thus the observed first-order kinetics must be ex- 
plained on the basis of reaction mechanism since simple 
photolysis: 


ky 
F + hy— 


would result in zero-order kinetics where F is fumagillin, 
N is a neofumagillin and the asterisk represents the 
photolytically activated state. Possible mechanisms that 
depend on fumagillin concentration may be one or both of 
the following: 


F* + A—F + (2a) 

A* + F-—-+N +A (or NA) (2b) 
ke 

F* + + F (or No, a dimer) (3) 


where A is a mole of solvent. Of course deactivation also 
occurs with or without solvent collision: 


ky 
F* F + hy’ 
The steady-state condition, dF*/dt = 0, would be met by 
= + F* (5) 


where /,». is intensity of effective light absorbed. The rate 
determining step could 


—dF/dt = dN/dt = koFF* (6) 
and by substitution of the value of F* from Eq. 5 into Eq. 6, 
—dF/dt = kiln. F/(F + (7) 


If ki >> kz or >> F. i. e., if the rate of deactivation 
of light-sensitive fumagillin is relatively large with respect 
to the rate of neofumagillin formation, then the value F 
in the denominator can be ignored and 


—dF/dT = = 


ont the over-all kinetics are first order with respect to fuma- 
gillin. 
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Cram (8) that a structure similar to I may be initi- 
ally formed. 


O H 


H oO 
HO—C—{(C=C),—C—OR 


HC CH 
O\H H/H H O 
I 


This may readily isomerize by the protolytic ac- 
tion of the solvent to II, III and/or IV. 


C—CH 
H.C CH 
Oo. oO 
HH | 
ul 
He 
c—c 
HC CH 
A 
CUHK | 
HO 
H 
HC CH, 
| HH | 
IV 


Of course, linear analogs of these shorter chromo- 
phores could also be formed. 

These formulas contain structures analogous to 
those of (a) octatrienoic acid and octatetraene; 
(b) sorbic acid and hexatriene; and (c) crotonic 
acid and butadiene. The maxima of these com- 
pounds are about 310 my for group (a), and about 
260 my for group (6) and about 210 my for group 
(c) (9, 10). Therefore, it is reasonable to suggest 
that the neofumagillin spectra with maxima at about 
308 my, 270 my, and possibly at 210 my are ac- 
counted for by types of chromophores in structures 
II, IIIf, and/or IV or in their linear or dimeric 
analogs. The absorptivities of these maxima are 
of the same order of magnitude as the absorptivities 
of the compounds listed above. It is also interest- 
ing to note that the distillates of ethanol solutions 
of fumagillin show the presence of aryl group’ ab- 
sorption in the ultraviolet (11). Fumagillin itself 
shows no such absorption. 

The neofumagillin chromophores also degrade at 
pseudo first-order rates. The fact that the rate of 
degradation of the 308 mu maximum is more rapid 


7D. J. Cram and R. Reeves have found that pyrolysis 
—— by oxidation of fumagillin produces phthalic acid 
(8). 
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than that of 270 my may be due to a difference in 
the combined effects of photolysis and reaction 
with ethanol on each of these chromophores 

The loss of absorptivity even at intermediate 
wavelengths was also pseudo first order. The com- 
plexity of relations among rate constants and ab- 
sorptivities of neofumagillin and its degradation 
products may be such that no simple explanation 
for this phenomenon can be offered. 


SUMMARY 


1. Spectrophotometric absorbances at 351 
my are optimum for physical assay of fumagillin 
purity where degradation can be attributed to 
destruction of the tetraenedioic chromophore. 
Absorbances have been statistically correlated 
with S. aureus phage assay. 

2. Photolytic degradation of fumagillin in 
ethanol solution is primarily caused by light 
below 400 mu and it most probably proceeds 
independently of oxidation. 

3. The fumagillin chromophore is photo- 
lytically and stoichiometrically transformed by 


photolysis in solution to a new chromophore 
termed ‘“‘neofumagillin(s)."”" These spectra have 
been estimated by mathematical analyses of the 
first-order rates of transformation. Absorbances 
above 345 mu (including the 351 mu maximum) 
may be attributed solely to fumagillin. 

4. The neofumagillin(s) in ethanol solution 
are also photolytically degraded at pseudo first- 
order rates but more slowly than fumagillin. 
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Effects of Menthol Vapor on the Intact Animal with 
Special Reference to the Upper Respiratory Tract* 


By NATHAN RAKIETEN, MORRIS L. RAKIETEN, and MANSFIELD BOYKIN 


Rats were exposed to menthol vapor of various concentrations for a period from 

seventy-one to seventy-nine days and a study was made of the over-all effects. It was 

found that there were no gross toxic effects, but a histopathological examination of 

organ tissues revealed that changes indicative of irritation had occurred in the lungs 
of animals exposed to the highest concentration of menthol. 


| omens studies conducted in this laboratory 
(1) indicated that in vitro exposure of human, 
rat, and rabbit ciliated respiratory epithelium 
to a saturated solution of menthol (0.049%) in 
Locke-Ringer solution from thirty minutes to 
five hours produced no toxic effects. During 
recent years several investigators studying the 
effect of menthol on the ciliated respiratory epi- 
thelium have reported equivocal findings (2-5). 
Recently, a single case of sensitivity in a human 
has been reported (6). The present research 
deals with the effects of prolonged inhalation of 
menthol on the intact rat. 


* Received October 20, 1953, from the South Shore Ana 
lytical and Research Laboratory, Inc., Islip, N. ¥ 

This study was supported by a grant from the Brown and 
Williamson Tobacco Corporation, Louisville, Ky. 


EXPERIMENTAL 


Fifty-six young albino rats, both male and female, 
of the Sherman strain were used in this examination. 
The average initial weight was i56 Gm. with varia- 
tions of 125 through 185Gm. Three groups of 12 ani- 
mals, 6 males and 6 females (Groups II, III, and 1V), 
were exposed to menthol vapor. One group of 12 
animals, 4 males and 8 females (Group I), was ex 
posed to conditions identical with the menthol 
groups except for the menthol. A group of 8 ani- 
mals, 4 males and 4 females, served as an additional 
control group, remaining in their cages throughout 
the study. 

The animals were fed Purina checkers ad libitum 
except during the period when they were in the 
chambers; then only water was available. 

l-Menthol U. S. P. was used exclusively. The 
average concentrations of menthol vapor to which 


A, 

7 
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the animals were exposed were: Group II—).087 
+ 0.021, Group III—0.148 + 0.031, and Group 
IV—0.259 + 0.166 p. p. m. While the average 
concentrations of menthol vapor did not differ sig- 
nificantly, there were a sufficient number of higher 
concentrations to warrant separate consideration of 
each group of animals. The duration of exposure 
was six and three-quarter hours per day. The num- 
ber of exposures and the periods over which they 
were extended are given in Table I. 

Plexiglas chambers of 2.66-cu. ft. volume were 
used to house the animals while they were exposed to 
menthol. The menthol was vaporized by passing 
air over menthol crystals placed in tubes which were 
attached directly to the chambers. The air, pre- 
dried by passage over pumice saturated with sul- 
furic acid and calcium chloride, was circulated by 
means of a pump. The total ventilation was meas- 
ured with an accurately calibrated gas meter. 

A search of the literature failed to reveal a con- 
sistently reliable chemical method for the quantita- 
tive determination of menthol in air or in solution. 
Haggard and Greenberg (3) used the reduction of 
paradimethylaminobenzaldehyde for the estima- 
tion of menthol in air. Their method was based 
on that of Masamune (7). In our hands the method 
was unreliable and failed to give quantitative re- 
coveries of menthol in solution or in air. Other 
chemical methods, particularly those used for the 
determination of ethyl alcohol and diethyl ether, 
also proved unsatisfactory for our purposes. Since 
the chemical methods were inadequate it was de- 
cided to use a gravimetric method for measuring 
the delivery of menthol. This determination is 
based on the weight of menthol vaporized and the 
volume or air circulated through the system. 

The animals were observed daily and they were 
weighed twice a week. Their food and water con- 
sumption was estimated daily. Blood, for blood 
counts, obtained by cardiac puncture was taken from 
representative animals in the various groups. The 
days on which counts were done are listed in Table 
I. These same animals were then sacrificed and 
examined for gross pathological lesions. In every 
instance representative portions of the eye, tur- 


TABLE I.—HEMATOLOGICAL STUDIES ON Rats ExposED TO MENTHOL VAPOR® 
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binates, nasopharynx, trachea, lungs, and skin were 
taken for histological examination. From some of 
the animals sections of liver, spleen, kidney, heart, 
testes, ovaries, intestine, and skeletal muscle were 
also taken. The brains of some of the animals in 
Groups II, III, and V were also studied. When the 
animals were sacrificed, their tracheas were dissected 
out, placed in Locke-Ringer solution, and the ciliary 
action was observed microscopically. The ciliary 
action was normal. No gross changes were noted 
on postmortem examination except in the animals in 
Group IV. The lungs of these animals were de- 
cidedly hyperemic. 


RESULTS 


Daily inspection of the animals after they had 
been in the chamber exposed to menthol showed at 
the most only a transient erythema of the conjunc- 
tiva. This disappeared shortly after they were re- 
turned to their cages. This was the only obvious 
sign of irritation and happened at irregular intervals. 
No evidence of upper respiratory tract involvement 
was evident in the control Group I or the animals in 
Groups II, III, and 1V. The menthol vapor was 
obnoxious to the animals causing them to huddle 
as far away from the inlet tube as possible. After 
equilibration occurred they took positions in the 
chambers similar to those of the controls. 

No significant differences were seen between the 
rate of growth of the control animals and those 
exposed to menthol. This is illustrated in Figure 1 
which gives composite growth curves for the five 
groups of animals. 

Hematology.—-Complete blood counts done at 
several intervals during the experimental period 
failed to demonstrate that there were any significant 
differences in the blood picture between the animals 
exposed to menthol and those in the control groups. 
All values obtained fell within normal limits for 
rats (8), indicating that prolonged exposure to men- 
thol in concentrations of 0.087, 0.148, and 0.2! 
p. p. m. caused no impairment to the hematopoietic 
system. These findings are shown in Table I. 
No differences were found in the eosinophil counts 


Number 
of 
Number Expo- 
of sures Hemoglobin, 
Animals to Day of Gm_/ 

Group No. Studied Conc. of Menthol Menthol Sample 100 ce R. B.C. W. B.C.¢ Kos.4 
I 4 Control - 41 12.5 5.77 6.63 1 
4 Control 71 15.6 7.42 7.71 

2 Control 79 17.3 5.23 8.52 1 
II 4 0.08724 27 39 15.5 8.47 8.31 

4 0.0214 52 75 15.1 6.77 11.65 1 
Ill 4 0.1482 26 38 13.9 5.31 10.75 1 

4 0.031 51 74 16.0 6.34 9.66 1 
IV 4 0.2594 26 38 13.8 7.04 5.96 

4 0.166 53 72 16.6 7.11 8.98 2 

2 58 79 14.8 5.82 7.25 1 
V 4 Control 38 14.2 7.81 8.70 

4 Control 7 15.5 7.07 11.52 


. C. in million/cu. mm. 
° W. B. C. in thousand/cu. mm. 


Ul values represent the mean of the number of animals tested. 


@ Number of animals in each group tested which gave an eosinophil count above 4%, 
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of Groups I, II, III], and IV. However, the eosino- 
phil counts of some of the animals in all of these 
groups were slightly higher than those in Group V, 
suggesting that exposure of the animals to the at- 
mosphere of the chamber alone caused an elevation 
in eosinophils. 

Histological Examination.._Changes when they 
were noted were limited to the respiratory tract. 
This was common to all groups studied. Of the 
nine animals in the control Group I which were 
studied, six showed no abnormality in any of the 
tissues. In one there was a mild tracheitis and 
bronchitis and in the remaining two, evidence of 
pneumonitis. 

No changes were noted in any of the tissues of the 
four animals studied from Group V. 

Eight animals were studied from Group II and a 
single animal exhibited a mild tracheitis. Eight 
animals were studied from Group III. Two had 
mild pulmonary congestion; one, a chronic pneu- 
monia with bronchial hyperplasia; and one, a mild 
tracheitis. Eleven animals were studied from Group 
IV. In 9 of the 11 animals exposed to the highest 
concentration of menthol vapor changes varying 
from severe congestion to pneumonitis were ob- 
served. 


DISCUSSION 


Daily inhalation of menthol vapor by rats in 
average concentrations of 0.087 + 0.021, 0.148 + 
0.081, and 0.259 + 0.166 p. p. m. did not result in 
any over-all toxic effects. This was evidenced by 
normal growth curves, food consumption, and 
hematology. Further microscopic examination of 
the eve, brain, skin, turbinate, ciliated respiratory 
epithelium, nasopharynx, trachea, liver, spleen, 
kidney, heart, testes, ovaries, intestine, and skeletal 
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muscle failed to show any changes significantly dif- 
ferent from those noted in the control animals. 
Nearly all of the animals exposed to the highest 
concentration of menthol showed evidence of lung 
irritation. However, the changes seen in the lungs 
of some of the animals in Groups II and III ex- 
posed to 0.087 + 0.021 and 0.148 + 0.031 p. p. m. of 
menthol vapor were similar to those seen in Group 
I, the controls. Haggard and Greenberg (3) also 
failed to demonstrate any gross pathology in rats 
exposed to menthol vapor for prolonged periods of 
time. Fox (5) reported that menthol in oil is toxic 
when instilled daily into the nares of rabbits. 
Species differences and size of dose as well as the 
vehicle may be factors in the disparity between 
our findings and those of Fox. 


CONCLUSIONS AND SUMMARY 


Rats exposed to menthol in concentrations of 
0.087 + 0.021, 0.148 + 0.031, and 0.259 + 
0.166 p. p. m. for seventy-one, seventy-four, 
seventy-five, and seventy-nine days showed no 
over-all gross toxic effects as evidenced by: 
(a) normal growth curves as compared with con- 
trols; (6) comparable food and water consump- 
tion as the controls; (c) comparable values of 
hemoglobin, red blood cells, white blood cells, 
and differential counts when compared with con- 
trols; (d) no increase in eosinophil counts; and 
and (e) an infrequent conjunctivitis during ex- 
posure to menthol vapor which cleared soon 
after the exposure was completed. 

Histopathological examination of tissues 
showed no significant changes in the nasopharynx, 
turbinates, heart, spleen, liver, kidney, eye, 
skin, ovaries, testes, skeletal muscle, and brain. 
Changes indicative of “‘irritation’’ were seen in 
the lungs of the animals exposed to the highest 
concentration of menthol. In the animals ex- 
posed to 0.087 and 0.148 p.p.m. of menthol, no 
greater changes were seen in the respiratory sys- 
tem than were seen in comparable control ani- 
mals. 

Ciliary activity in fresh preparations of the 
tracheas of the animals exposed to all concen- 
trations of menthol vapor was normal. 
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Study of Possible Complex Formation Between 
Macromolecules and Certain Pharmaceuticals* 


I. Polyvinylpyrrolidone with Sulfathiazole, Procaine Hydrochloride, 
Sodium Salicylate, Benzyl Penicillin, Chloramphenicol, Mandelic 
Acid, Caffeine, Theophylline, and Cortisone 


By TAKERU HIGUCHI and ROY KURAMOTO} 


As a part of a program on complex formation among pharmaceuticals, an investi- 
gation was carried out to determine whether polyvinylpyrrolidone forms com- 


plexes with certain pharmaceuticals. 


Experimental data were obtained supporting 


the existence of complexes in solution with some pharmaceuticals such as sulfa- 

thiazole, sodium salicylate, chloramphenicol, and mandelic acid. No evidence of 

complex formation was detected between polyvinylpyrrolidone and procaine 
hydrochloride, benzyl penicillin, caffeine, theophylline, and cortisone. 


I PREVIOUS communications from these 

laboratories it was shown that many pharma- 
ceuticals formed complexes in solution with caf- 
feine (15-18). In the present study and suc- 
ceeding series of publications the results of similar 
studies made on the complexing tendencies of 
certain macromolecular substances are set forth. 
The initial studies were confined to the behavior 
of a polymeric nonelectrolyte, polyvinylpyr- 
rolidone (PVP), as a complexing agent in solu- 
tion. 


THE PROPERTIES OF PVP 


Polyvinylpyrrolidone (PVP), a polymeric sub- 
stance which has seen considerable use as a blood 
extender, may be represented structurally as 
follows: 


Ny 
H.C’ c=0 
H.C 


CH: |, 
It is obtained as a white powder by spray-drying its 
aqueous solution. The viscosity of its solution is 
dependent on the molecular weight or degree of 
polymerization of the polymer. For this reason 
its relative weight is commonly expressed in terms 
of the viscosity of a dilute solution or as some 
numerical value based on this viscosity, the K-value 
of Fikentscher (1), being most frequently used. 
The average molecular weight of the PVP utilized 
as a blood extender and in the present study was 
approximately 40,000 (K = 30), as measured by 
the ultracentrifuge and by osmosis. PVP is an 
unusual polymer in that it is soluble in’ water, 
mineral acids, and organic solvents, but not in 
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ether. The structural formula suggests that it 
should be neutral. However, its aqueous solution 
is slightly acid (pH of 4) but has no buffering 
action. 

PVP has several properties which make it of 
interest in pharmaceutical applications other than 
plasma therapy. It appears to form water-soluble 
or water-dispersible complexes of indefinite com- 
position with a number of materials which are 
ordinarily insoluble in water. PVP also appears to 
offer a means of prolonging the activity of certain 
drugs since it appears to hold on to such drugs after 
they have been introduced into the body and to 
release them slowly so that they can accomplish 
their therapeutic action over an extended period of 
time. In addition to functioning as a carrier for 
many drugs, PVP exhibits a detoxifying action in 
some cases, an action which, presumably, is associ- 
ated with the ability of PVP to form complexes 
2, 3). In its capacity for binding water and ad- 
sorbing physiological and nonphysiological prod- 
ucts, PVP shows a resemblance to the proteins of 
natural plasma. These properties may probably 
be attributed to the presence of the amido group 
in the PVP molecule. 


EARLIER STUDIES INDICATING COMPLEX 
FORMATION BY PVP 


Previous evidence of the complexing behavior 
of polyvinylpyrrolidone in solution has been based 
mainly on pharmacological data. Pellerat, et ail. 
(4), have made an extensive review of the literature 
and have listed the drugs on which PVP had a re- 
tardant action pharmacologically. These drugs 
included penicillin, insulin, Novocaine®, adreno- 
cortical extracts, pituitary extracts, Neptal®, 
Prostigmine®, mercury cyanide, hexobarbital, and 
quinine. Durel (5), in a review on the retarding 
effect of PVP, mentions that the sulfonamides are 
retarded in some cases but not appreciably. Pel- 
lerat and Murat (6), in 1947, demonstrated in 
in vitro experiments with a collodion ultra-filter 
that sodium salicylate is fixed by PVP in proportion 
to the concentration of the latter. Siguier, et al. 
(7), reported the results of a study on the speed of 
dialysis of morphine dissolved in distilled water and 
in solutions of PVP (5-30%). Their data indi- 
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cated that PVP had no real inhibiting action on the 
diffusion of morphine through a membrane unless 
the concentration of the polymer in the solution is 
15% or greater. Their clinical tests on about 30 
patients showed that 20% PVP prolongs the anal- 
gesic effect of morphine, but animal experiments 
were inconclusive. 

The mechanism of the pharmacological retarding 
action of PVP requires further investigation but a 
few possible mechanisms have been postulated by 
Loubatiéres (11), Murat (12), and others. The 
mechanism of action may be either (a) formation 
of physicochemical combinations of PVP with the 
pharmaceutical drugs from which the drug is slowly 
liberated, or (b) restricted diffusion of the drug due 
to the viscosity effect at the point of injection. 

The present investigation, in contrast with earlier 
works, was carried out to obtain quantitative indi- 
cations of complex formation by PVP with certain 
pharmaceuticals. Positive evidence of complex 
formation were obtained for sulfathiazole, sodium 
salicylate, chloramphenicol, and mandelic acid. 
On the other hand, procaine hydrochloride, benzyl 
penicillin, caffeine, theophylline, and cortisone gave 
no indication of reactions. 


METHOD OF DETERMINING INTERACTION 
BETWEEN PVP AND DRUGS 


The method employed in the present study in 
determining the complexing tendencies of PVP 
toward some drugs was essentially that used by 
Klotz (8), Karush (9), and others in investigating 
the binding actions of proteins. In brief, the 
method consisted of bringing two solutions, one 
containing the macromolecular component and the 
other the drug under study, into equilibrium across 
a semipermeable membrane. The membrane was 
so chosen that it permitted the low molecular weight 
drug to pass freely through the barrier and achieve 
the same activity in both solution phases, yet at the 
same time, so that it acted as an impermeable 
barrier toward the polymeric substance. For the 
low concentrations involved it was presumed safe 
to approximate the activity with the concentration 
and set the concentration of the drug in the solution 
devoid of PVP equal to the concentration of the 
free form of the drug in the solution containing the 
polymer. Any increase in the total drug concen- 
tration in the PVP side of the barrier, therefore, can 
be attributed to complex formation. 

The experimental conditions were generally 
chosen to facilitate achievement and maintenance 
of equilibrium states across the membranes. The 
polyvinylpyrrolidone solutions were placed inside 
of relatively thin sausage casings (Visking 36/32 
inch Nojax casing) and tied in to prevent excess 
imbibition of water because of osmotic effect. 
Rapid equilibration was achieved by constant 
agitation of the entire assembly. All runs were 
made at 0°. 


RESULTS AND DISCUSSIONS 


The results obtained by the described procedure 
are most conveniently expressed as the ratios of the 
total drug concentration to the concentration of 
the free form as functions of the complexing poly- 


meric agent. If the drug under study did not com- 
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Fig. 1.—A plot showing the binding tendency, 
based on the interaction between sulfathiazole and 
PVP in water at 0° C., where any increase in the 
total drug concentrate in the PVP side of the semi- 
permeable membrane is attributed to complex 
formation. The concentration in moles per liter 
on each side of the barrier in absence of PVP was 
3.932 X 1074. 


plex with the PVP, the concentration of the drug 
on each side of the barrier was found to be equal. 
In such a case the total drug concentration in the 
solution containing the PVP and the concentration 
of the unbound drug in the external solution would 
be the same. If, however, complexing does occur, 
the total drug concentration in the PVP side of the 
barrier will increase and the ratio will be greater 
than one. The difference between the total drug 
concentration in the internal solution and the con- 
centration of the unbound drug in the external solu- 
tion is the amount of drug which is complexed. 
The experimental results, expressed in this man- 
ner are shown in Figs. 1-7. The dependency of the 
complexing reaction on PVP concentration for sulfa- 
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Fig. 2.—Interaction between sodium salicylate 
and PVP in water at 0° C. (100 mg./50 ml. total vol- 
ume), where the broken line represents the line 
which would be obtained if no complex formation 
were to have taken place. 
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Fig. 3.—Complexing interaction tendency be- 
tween Chloramphenicol and PVP in water at 0° C. 
(25 mg./50 ml. total volume). 


thiazole is shown in Fig. 1. It is evident from the 
figure that the sulfonamide is complexed to an ap- 
preciable extent even at low concentrations of the 
polymer. The slope of the straight line relation- 
ship indicates that in a solution of 1% with respect 
to PVP, the concentration of the complexed form 
of the sulfonamide is equal to approximately 31% 
of the total sulfathiazole. 

Positive formation of complex was also found 
between sodium salicylate and PVP as evidenced in 
Fig. 2. The degree of complex formation in this 
case was, however, less than that for sulfathiazole. 
The sodium salicylate was again complexed by PVP 
in proportion to the concentration of the latter 
which is in agreement with the findings reported by 
Pellerat and Murat (6). In a 1% solution of PVP, 
about 10% of the total sodium salicylate concen- 
tration was in the form of the complex. The rela- 
tively weak interaction may be partially explained 
by the repelling action of the charged ions. 
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Fig. 4.—Complexing interaction tendency between 
chloramphenicol and PVP in water at 30°C. A= 
100 mg./100 ml. total volume, 0 = 50 mg./100 ml. 
total volume. 
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Chloramphenicol also was found to complex with 
PVP in water as shown in Figs. 3 and 4. The de- 
gree of complex formation was again directly pro- 
portional to the concentration of PVP. Runs made 
at different concentrations of the drug as shown in 
the figures indicate that the percentage of the drug 
in the bound form was independent of the concen- 
tration of chloramphenicol. The data also point 
to essentially temperature independence of this 
particular reaction. As could be seen, the slopes 
of the straight line relationship at 0 and 30° are 
practically the same. Since it is hardly likely that 
the interaction energy between the two com- 
ponents is zero, it must be assumed that the heat of 
dehydration or the energy necessary to desolvate 
the polymer must be large enough to cancel out the 
energy evolved by the complex formation. From 
the graphs one can conclude that 5% of the total 
chloramphenicol exists as a complex in a 1% PVP 
solution. 

Mandelic acid, which has a structure somewhat 
analogous to that of chloramphenicol, was found to 
complex with PVP in water at 0° as shown in Fig. 
5. Six per cent of the total mandelic acid exists 
as a complex in a 1% solution of PVP. The com- 
plex formation is directly proportional to the PVP 
concentration and independent of the mandelic acid 
concentration. 

In the investigation of the complex formation 
between PVP and the following drugs: procaine 
hydrochloride (Fig. 6), benzyl penicillin (Fig. 7), 
caffeine, theophylline, and cortisone, no evidence 
of complex formation was detected. 


RELATIONSHIP TO PHARMACOLOGICAL 
FINDINGS 


Although solutions of PVP may prolong the 
action of many pharmaceuticals when tested phar- 
macologically, such experiments cannot differenti- 
ate among the several possible mechanisms responsi- 
ble for the retardation action, i; e., whether by an 
actual complex formation, by the viscosity effect, 
or by some other mechanism of action. 
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Fig. 5.—A plot showing the interaction between 
mandelic acid and PVP in water at 0° C. with two 
different concentrations of the acid. © = 6.619 X 
10-* and @ = 9.857 X 1074, the concentrations 
in moles per liter on each side of the barrier in ab- 
sence of PVP. 
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Fig. 6—System involving interaction between 
procaine hydrochloride and PVP in water at 0° C. 
where no complex formation was detected. O = 
5.56 1074, @ = 3.66 10-4, the concentrations 
in moles per liter on each side of the barrier in ab- 
sence of PVP. 


Positive evidence of complex formation with 
PVP was obtained for sulfathiazole and sodium 
salicylate which is in agreement with the pharma- 
cological findings of Durel (5) and Pellerat and 
Murat (6). On the other hand, the present in- 
vestigation has found that procaine hydrochloride 
and benzyl penicillin gave no indication of inter- 
action with PVP. Therefore, the retarding action 
of PVP on procaine hydrochloride and benzyl 
penicillin must be by some mechanism other than 
by complex formation. 

In the case of procaine hydrochloride the pharma- 
cological reports of Simon (13) and Meidinger (14) 
would lead one to conclude that the viscosity effect 
may be the mechanism responsible for the retarding 
action of PVP on procaine hydrochloride. The 
same mechanism may explain the retarding action 
of PVP on benzyl! penicillin. 
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CONCN. OF UNBOUND BENZYL PENICILLIN 


Fig. 7.—-System involving interaction between 
benzyl! penicillin and PVP in water at 0° C. where 
no complex formation was detected. Concentra- 
tions in moles per liter on each side of the barrier 
in absence of PVP = 2.68 X 10~*. 
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Reagents. — Polyvinyl pyrrolidone (Plasdone, Type 
NP, K = 30, General Aniline and Film Corpora- 
tion). The PVP was extracted with anhydrous 
ether in a Soxhlet apparatus for 24 hours to remove 
any monomer which may be present. 

Sulfathiazole, U. S. P., recrystallized from ethy! 
alcohol and water, m. p. 200-202.5°. Pro- 
caine hydrochloride, U.S. P.,m. p. 155-156.° Sodium 
salicylate, U. S. P. Benzyl penicillin, crystalline, 
U.S. P. Chloramphenicol (Chloromycetin®, Parke, 
Davis and Co.), m. p. 150.5-151°. dl-Mandelic 
acid (Eastman Organic Chemicals, white label), 
m. p. 118.5-119.5°. Caffeine, U. S. P., recrystal- 
lized from water, m. p. 235-237°. Theophylline, 
U.S. P., recrystallized from water, m. p. 272-273°. 
Cortisone (Merck and Co.), m. p. 219-221.5°. 
Sulfuric acid solution, 0.001 M. Barium hydroxide 
solution, 0.025 N. Phenol red, indicator. 

Dialysis Determination.—Cellophane bags were 
prepared from the Visking casings and were filled 
with varying amounts of PVP solution (0-2.0%). 
The bag was immersed in a solution of the com- 
pound under study which was usually near 0.1% 
in concentration, and then placed in an ice chest 
and the whole assembly was subjected to mechanical 
shaking for 18-20 hours.' The bag was then 
removed and the internal and external solutions 
were separated, measured, and finally analyzed for 
their nonpolymeric content. For each series of 
determinations made, a control tube was also pre- 
pared which differed from the other tubes only in 
that the former contained water rather than a PVP 
solution inside the bag. 

Methods of Analysis.—A Beckman  spectro- 
photometer, Model DU using 1-cm. cells, was used 
in the analysis of the internal and external solution 
of the following substances at the dilution and wave- 
length values listed: sulfathiazole, 1:10 dilution, 
284 my; procaine hydrochloride, diluted as re- 
quired, 291 my; sodium salicylate, 1:50 dilution, 
295 my; benzyl penicillin, 2:5 dilution, 252 my; 
chloramphenicol, 1:25 dilution, 278 my; caffeine, 
diluted as required, 273 my; theophylline, diluted 
as required, 272 mu. The optical density of the 
pure PVP solutions at the different wave lengths 
used for analysis was negligible. 

For the analysis of the internal and external solu- 
tions of mandelic acid, aliquot portions were 
titrated with a standardized 0.025 N barium hy- 
droxide solution using phenol red as the indicator.? 
Blank titrations were made in each case. All 
titrations were carried out under nitrogen. 

Since the PVP was found to interfere with the 
absorption of cortisone at 238 my, the following 
procedure was employed for the determination of 
this drug: A 10-ml. aliquot portion of the solution 
to be analyzed was first extracted with anhydrous 
ether. The ether solution was evaporated to dry- 
ness and the residue was dissolved in ethyl alcohol 
and made up to a toial volume of 50 ml. The con- 
centration of this solution was determined spectro- 
photometrically. 


1 Klotz, ef al. (10), reported that six hours of mechanical 
shaking was adequate for attainment of equilibrium. 

2 Instead of distilled water a dilute sulfuric acid solution 
(0.001 M) was used in preparing both solutions to suppress 
the dissociation of mandelic acid (Ka = 4.3 X 10~¢ at 25°). 
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TABLE I.—A TYPICAL DIALYSIS EXPERIMENT 


Outside 
72.9 
0.00 
8.7620 


Volume of solution, ml. 

Percentage conc. of PVP 

Conc. sulfathiazole in mg./1. 
m Total conc. of sulfa 


™ Conc. of unbound sulfa 


PVP Tube 
In 


0 
00 
9456 


1.12 
13.0612 


Outsi 
74. 

0. 
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SUMMARY 


1. From the experimental data presented, it 
is evident that PVP forms complexes in solution 
with certain pharmaceuticals. 

2. The degree of interaction between PVP 
and the investigated compounds is roughly in 


the following decreasing order: 
sodium salicylate, mandelic acid, and chlor- 
amphenicol. No evidence of complex formation 
was detected with procaine hydrochloride, benzyl! 
penicillin, caffeine, theophylline, and cortisone. 


sulfathiazole, 
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Study of Possible Complex Formation Between 
Macromolecules and Certain Pharmaceuticals* 


Polyvinylpyrrolidone with p-Aminobenzoic Acid, Aminopyrine, 


Benzoic Acid, Salicylic Acid, p-Hydroxybenzoic Acid, m- 


Hydroxybenzoic Acid, Citric Acid, and Phenobarbital 


By TAKERU HIGUCHI and ROY KURAMOTO 


The interactions between petrvineteoselttees and jm additional pharmaceu- 
x 


ticals have been studied. 


perimental evidence is offered to support the exist- 


ence of the formation of complexes in solution between polyvinylpyrrolidone and 
acid, benzoic acid, salicylic acid, p-hydroxybenzoic acid, m-hydroxy- 

nzoic acid, and phenobarbital. No evidence of complex formation was detected 
between polyvinylpyrrolidone and aminopyrine and citric acid. The similarity 
of the influence of chemical structure on the stability of the PVP complexes as com- 
pared to the caffeine complexes indicates that a similar mechanism may be respon- 


I THE PRECEDING PAPER of this series (1), the 

complexing tendencies of polyvinylpyrroli- 
done with certain pharmaceuticals were discussed. 
The present investigation is a continuation of 
this study, additional data having been obtained 
relative to possible complex formation between 
polyvinylpyrrolidone and a number of previously 
uninvestigated drugs. Related pharmaceutical 
drugs have been studied in the present instance 
to gain a better understanding as to the struc- 
tural requirements favoring complex formation. 
In this study data have been collected for p- 
aminobenzoic acid, benzoic acid, salicylic acid, 
p-hydroxybenzoic acid, m-hydroxybenzoic acid, 
phenobarbital, aminopyrine, and citric acid. 
Except for the last two, all of these compounds 
interact with PVP. 


METHOD OF DETERMINING INTERACTION 
BETWEEN PVP AND DRUGS 


The dialytic method employed for the determina- 
tion of the interaction between PVP and the phar- 
maceutical compounds has essentially been de- 
scribed in a previous communication (1). In addi- 
tion to the above, a solubility method (2) was em- 
ployed for the determination of the interaction be- 
tween PVP and phenobarbital. 


RESULTS AND DISCUSSION 


The relative tendencies of several drugs to form 
complexes with PVP, expressed as the ratios of the 
total drug concentration to the concentration of the 
ree form as functions of the percentage concentra- 
tion of PVP, are shown in Figs. 1-8. As discussed 


* Received July 29, 1953, from the School of Pharmacy, 
University of Wisconsin, Madison, Wisconsin 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953 

Supported in part by the Research Committee of the 
Graduate School from’ funds supplied by the Wisconsin 
Alumni Research Foundation 


sible for both series. 
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previously (1) the slopes of these lines are directly 
proportional to the degree of interaction. 

It is apparent from these figures that the nature 
and position of substituents have marked influence 
on the relative complexing abilities of the compounds 
studied. Comparing benzoic acid and the substi- 
tuted benzoic acids, for example, we find that the un- 
substituted compound to be the weakest complexing 
agent, only 11.5% of the acid existing as the com- 
plex in a 1% solution of PVP. A considerable in- 
crease in the stability of the complex can be obtained 
by introducing a hydroxyl group in the ortho posi- 
tion, salicylic acid being complexed to the extent of 
18% in a 1% PVP solution. Shifting of the hy- 
droxyl group to the meta or para position results in 
a marked enhancement of the complexing tendency, 
both compounds forming complexes to the extent of 
30% in a 1% PVP solution. Substitution of an 
amino group for the para hydroxy group, on the 
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Fig. 1—A plot showing the interaction between 
benzoic acid and PVP where the broken line repre- 
sents the line which would be obtained if no complex 
iormation were to have taken place. The increase 
in the total drug conc. in the PVP side of the semi- 
permeable membrane is attributed to complex 
formation. O,8.20 K @, 5.74 107%. 
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Fig. 2.—Binding tendency of PVP for salicylic acid 
O, 3.62 X 107°. 


other hand, results in a reduction in the stxbility of 
the complex. As the straight line relationship in 
Fig. 5 indicates, only 18.7% of the total p-aminoben- 
zoic acid exists as the complex in a 1° PVP solu- 
tion. 

The relative tendencies of these acids to ‘‘bind”’ 
to PVP macromolecules can be partly rationalized 
on the basis that these addition compounds are 
formed through dipole-dipole interactions. Penzoic 
acid with only a single functional group possessing 
coordinating tendency would be expected to be the 
weakest binder. The ortho hydroxy compound, 
although the phenolic hydroxyl can be expected to 
increase the degree of coordination markedly, ex- 
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4 

Fig. 3.—A plot showing the interaction between 
m-hydroxybenzoic acid and PVP with four different 
concentrations of the acid where the broken line 
represents the relationship obtained with the lowest 
concentration of the acid. When a correction was 
made for the slight acidity of the PVP, both lines 
coincided and had the same slope. @, 7.25 X 
10-3, 435 X O, 3.63 X 107%. A, 
1.81 X 107%. 
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M 
F ig. 4.—Interaction between p-hydroxybenzoic 
acid and PVP with three different concentrations of 
the acid. O, 7.25 X 107%. A, 3.63 X 107%. O, 
1.82 X 10-3. 
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Fig. 5.—-Complexing tendency of PVP for PABA. 
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Fig. 6.—-Complexing tendency of PVP for pheno- 
barbital at 30°. O, 100 mg./100 ml. total volume. 
A, 60 mg./100 ml. total volume. @, solubility 
method. 
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hibits only a moderately greater binding because of 
internal coordination or chelation. In the meta 
and the para isomers, on the other hand, the pres- 
ence of the highly polar hydroxyl groups becomes ap- 
parent. The lesser complexing tendency of the 
corresponding para-amino compound is probably due 
to the weaker electrophilic nature of amino hydrogen 
as contrasted to hydroxyl hydrogen, resulting in a 
weaker hydrogen bond formation. 

The relative complexing ability of a weakly acidic 
phenobarbital, with PVP is shown in Fig. 6. The 
association tendencies of this particular system were 
studied by the two methods. The upper straight 
line represents the data obtained by the dialytic 
procedure employed for previous systems and the 
slightly lower line the data obtained by the solubil- 
ity procedure (2). Actually the two methods are 
thermodynamically equivalent except for the fact 
that the runs made with the solubility procedure 
represent results obtained at phenobarbital activity 
equal to that of solid phenobarbital whereas others 
are at concentrations well below the saturation 
value. Since an insoluble complex seemed to have 
formed in the first few bottles, the ratio by the solu- 
bility method was less than one. As the concentra- 
tion of PVP was increased, however, the precipitate 
was solubilized. Although both straight line rela- 
tionships did not coincide, the slopes were exactly 
the same. For a 1% solution of PVP by both meth- 
ods, 16% of the total phenobarbital exists as a 
complex. 

The mechanism of barbiturate binding by PVP 
again can probably be ascribed to some sort of di- 
pole-dipole interaction. The drug possesses a num- 
ber of highly polarized groupings, in particular, 
acidic amino hydrogens which may be expected to 
coordinate with carboxy! groups present in the mac- 
romolecule. 

The mere presence of acidic hydrogens does not 
necessarily lead to association. Citric acid, for ex- 
ample, does not show any tendency to bind as shown 
in Fig. 7. This is probably due to its highly hydro- 
philic nature. This explanation may also be true in 
the case of aminopyrine, Fig. 8, since both of these 
compounds show strong tendencies to hydrate and 
to solvate. 

No clear-cut suggestion has been offered so far as 
to the basic mechanism responsible for the binding 
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Fig. 7.-System involving citric acid and PVP where 
no complex formation was detected. 
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tendencies of PVP. There has been some specula- 
tion regarding possible analogy between these com- 
plexes and the spiral urea complexes. It is the feel- 
ing of the writers, however, that the action of com- 
plex formation probably rests with the amido groups 
of the polymer. It is suggested that in most 
amides, two or more of these functional groups in- 
teract rather strongly to form rather high melting 
solids. Because of the polymeric structure of 
PVP, however, this mutual interaction is highly re- 
stricted, resulting in exposure of dipolar bonds with 
strong affinity for any acidic hydrogens capable of 
forming hydrogen bonds. Thus we find that car- 
boxyl groups, phenolic groups, and amino groups, 
all can lead to definite association. 

This hypothesis is further supported by the simi- 
larity between the relative magnitudes of PVP bind- 
ing tendencies and caffeine complex stabilities (2-4) 
as shown in Table I. 


TABLE I.-—RELATIVE COMPLEXING TENDENCIES OF 
PVP anp CAFFEINE TOWARD A NUMBER OF PHAR- 


MACEUTICALS 
PVP Caffeine 

1. Sulfathiazole 1. m-hydroxybenzoic 
2. m-hydroxybenzoic acid 

acid 2. p-hydroxybenzoic 
3. p-hydroxybenzoic acid 

acid 3. PABA 
4. PABA 4. Salicylic acid 
5. Salicylic acid 5. Sulfathiazole 
6. Phenobarbital 6. Benzoic acid 
7. Benzoic acid 7. Phenobarbital 
8. Sodium salicylate 
9. Mandelic acid 
10. Chloramphenicol 

Decreasing 


Order 


The relative degree of stability of the complexes 
seems to agree except for sulfathiazole and phenobar- 
bital. Since the complexing behavior is attributed 
in the case of caffeine (4) to the carbonyl groups ac- 
tivated by the nitrogen groups, the same explana- 
tion seems, in all probability, equally valid in the 
present instance. 
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Fig. 8.--System involving aminopyrine and PVP 
where no complex formation was detected. 


V4 
| 1.2 } 
| 08 
i | 


July, 1954 
EXPERIMENTAL 


Reagents.—Polyvinylpyrrolidone (PVP, Plas- 
done, Type NP, K = 30, General Aniline and Film 
Corporation). The PVP was extracted with anhy- 
drous ether in a Soxhlet apparatus for twenty-four 
hours to remove any monomer which may be pres- 
ent. 

p-Aminobenzoic acid, U. S. P., recrystallized from 
water and then from ether, m. p. 187.5-188°. 

Aminopyrine, U.S. P., recrystallized from ligroin, 
m. p. 108-109°. 

Benzoic acid, primary standard. 

Salicylic acid, U. S. P., recrystallized from water, 
m. p. 159.5-160.5°. 

p-Hydroxybenzoic acid (Eastman Organic Chemi- 
cals, white label), recrystallized from water, m. p. 
214.5-215.5°. 

m-Hydroxybenzoic acid (Eastman Organic Chem- 
icals, white label), recrystallized from water, m. p. 
201-202 °. 

Citric acid, U. S. P. recrystallized from ether, 
m, p. 152.5-153°. 

Phenobarbital, U. S. P., recrystallized from ethyl 
alcohol, m. p. 176—-177°. 

Sulfuric acid solution, 0.001 M. 

Barium hydroxide solution, 0.035 N and 0.05 N. 

Alcoholic sodium hydroxide solution (0.04 NV) 
containing 0.1% thymolphthalein as an indicator. 

Methods of Analysis.—_A Beckman spectrophotom- 
eter Model DU, using 1-cm. cells, was used in the 
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analysis of the internal and external solutions of the 
following substances at the dilution and wavelength 
values listed; p-aminobenzoic acid, diluted as 
required, 272 my.; aminopyrine, 1:50 dilution, 259 
my.; phenobarbital, 1:2.5 dilution, 272 mu The 
optical density of the pure PVP solutions at the dif- 
ferent wavelengths used for analysis was negligible. 

Benzoic, salicylic, p-hydroxybenzoic, m-hydroxy- 
benzoic, and citric acids were determined by ti- 
trating aliquot portions from both the internal and 
external solutions. Standardized barium hydroxide 
solution was used with phenolphthalein or phenol 
red as the indicator.' A blank correction was 
made in each case. All titrations were carried out 
under nitrogen. 

In addition to the spectrophotometric analysis 
for phenobarbital, a volumetric method was em- 
ployed using standardized 0.04 N alcoholic sodium 
hydroxide solution containing 0.1% thymolphtha- 
lein as the indicator (5). 


1 Instead of distilled water a dilute sulfuric acid solution 
(0.001 M) was used in preparing both solutions to suppress 
the dissociation of the acids. 
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A Rheological Study of Some Pharmaceutical 
Semisolids* 


By HARRY B. KOSTENBAUDER} and ALFRED N. MARTIN 


The present study was undertaken to obtain a quantitative evaluation of the rheologi- 
cal properties of representative bases; the effects of variables such as thermal history 
and formulation changes upon rheological properties were investigated. A modi- 
fied viscometer is described and its application to the study of semisolid bases is 
illustrated. The importance of —— in pharmaceutical development and con- 


trol is also emp 


fanvracroases of therapeutic ointments and 
creams, and cosmetic facial and hand creams, 
dental creams, and pomades recognize that it is es- 
sential to beable to reproduce the “consistency” or 
“body” of their product, and they have therefore 
become interested in methods for the quantitative 
determination of such properties. The con 
sistency of these non-Newtonian materials is 
attributed to the summation of many complex 
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asized in the report. 


properties such as elasticity, yield value, texture, 
and viscosity, and cannot be expressed ade- 
quately by any single index. However, several 
fundamental rheological properties which are in- 
dicative of consistency can be determined, and an 
inspection of the complete consistency curve of 
rate of shear vs. shearing stress gives an indication 
of the behavior of the material when it is sub- 
jected to manipulation. 

The nature of the consistency curve, as shown 
in the accompanying figures, determines whether 
the sample exhi’ its plasticity, pseudoplasticity, 
dilatancy, or thixotropy, and provides data for 
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the calculation of such indices as yield value, 
plastic viscosity, and the degree of thixotropic 
breakdown with rate of shear. 

The principal deterrent to the rheological study 
of semisolids has been the lack of a suitable in- 
strument. Any instrument which is to be success- 
fully employed in a rheological analysis must be 
adaptable to operation at several rates of shear 
and must be so constructed that a mathematical 
analysis of data is possible. A survey of the litera- 
ture and communications with other workers in- 
dicated that the instrument which would best 
satisfy these conditions would be a properly de- 
signed rotational viscometer. The most suitable 
rotational viscometers for the study of non- 
Newtonian materials are the instrument designed 
by Green (1), and the Stormer viscometer as em- 
ployed by Fischer (2). Preliminary tests indi- 
cated that the commercially available models of 
these and other instruments were not suitable for 
the study of materials such as ointment bases. 
With relatively simple modifications, however, 
the Stormer viscometer was adapted to the study 
of such products. 


EXPERIMENTAL DESIGN 


The modifications consisted of a redesigned cup 
and bob, and more accurate temperature control 
achieved by circulating water from a constant tem- 
perature bath around the cup and bob. 

The modified cup and bob was turned from brass 
and a left-hand thread of 60 threads per inch (0.01 
inch deep) was cut in the surface of the bob and the 
inner surface of the cup. These threads minimized 
the tendency of the sample to creep out of the an- 
nular space during rotation. The creeping tendency 
has previously been a major factor in the failure of 
the rotational viscometer when applied to the study 
of semisolids. A removable base was provided for 
the cup to facilitate cleaning and filling, and a cap 
was employed to prevent extrusion of the sample at 
nigh rates of shear. The top and bottom end effects 
and any drag induced by the grooves in the cup, and 
bob walls were accounted for by calibration with 
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National Bureau of Standards viscometer oil No. 
OB-9, which had an absolute viscosity of 200.0 
poises at 25°. The modified cup and bob are il- 
lustrated in Fig. 1, and the dimensions and calibra- 
tion constants for two cup and bob combinations are 
given in Table I. 


Tasie CONSTANTS FOR CUP AND 
Bos COMBINATIONS 
Radius, Length, 
cm cw 
Cup 0.64 4.42 
Bob No.1 0.50 2.98 50° 57° 48.5 0.42 
Bob No.2 0.55 3.038 30% 27> 54.2° 0.78 


Ke 
Exper. Theor. Kr Ks 


@ Determined by calibration with standard oils 

6 Theoretical value obtained from a calculation which 
neglected end effects 

© Obtained from a calculation utilizing the experimental 
values for Kr 


The theoretical foundations of rheology and the 
derivations of equations for use with the rotational 
viscometers are given by Fischer (2) and Green (3). 
The working equations employed in the present in- 
vestigation together with appropriate definition of 
terms are included in Table IT. 


EXPERIMENTAL PROCEDURE 


A standard procedure must be adopted for the 
preparation of all samples, since the rheological 
properties of a dispersion system are influenced by 
thermal history and by any mechanical treatment 
involved (5, 6). The petrolatum samples were 
fused on a water bath, poured into 8-ounce ointment 
jars, and were permitted to stand at room tempera- 
ture for one hour before being placed in the constant 
temperature bath. When ingredients other than 
petrolatum were contained in the ointment, the 
petrolatum, waxes, and oils were fused on a water 
bath and materials to be dissolved or dispersed in 
the base were added last. The mixture was then 
transferred to an 8-ounce ointment jar, placed in a 
vacuum apparatus, and was slowly stirred by hand 
until the mass began to congeal. All consistency 
tests were conducted not less than twenty nor more 
than thirty hours after preparation of the sample. 
Determinations were made at 25+ 0.2°. 

Studies on Petrolatum.—-The petrolatum em- 
ployed in all studies was obtained from a single 50- 
pound container of white petrolatum, U.S. P. The 


TABLE IL.--WorKING EQUATIONS FOR THE MopIFIED STORMER VISCOMETER 


Property 


Equations Legends 

Ww (1) W is the driving weight in grams at a 
Newtonian viscosity (poises ) © X% p. m. given p.m. The value for Ky is 

given in Table I. 
Plastic viscosity (poises ) U = W— W, (2) the yield value intercept in grams 
r. p.m. = obtained by extrapolating the linear 
portion of the downcurve to the force 

aXts. 

Vield value (dynes/cm.*) f = K,;XW, (3) The value for A, is given in Table I. 
Rate of shear (sec. ~') S = K,Xrp.m (4) The value for A, is given in Table I. 
2U; — U2) U, and U:are plastic viscosities caleu- 


Thixotropic index (dyne sec /em.*) M 


In(r. p. m.¢/r. p. m.;) 


2 (5) from Eq. 2 for two down 


curves with top shearing rates of- 
r. p.m., andr. p. m., respectively(4). 


7 
4 
5 
ae on 
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petrolatum had a penetration value of 169, indicat- 
ing that it was well within the U. S. P. limits of 100 
to 275. 

The consistency curve for white petrolatum, as 
shown in Fig. 2A, indicates that this material be- 
longs to the class of non-Newtonians referred to as 
thixotropic Bingham bodies. Downcurves at two 
different rates of shear are required if the thixotropic 
index of a material is to be calculated; the shearing 
rates selected for this study were top rates of shear of 
210 sec.~' and 125 sec.~'. The rate at which the 
ointment is sheared in the viscometer should approx- 
imate the conditions under which it is used. The 
selection of the particular values, 210 sec.~' and 125 
sec. ~' was based upon the following consideration. 
Assume that a pharmacist in compounding an oint- 
ment makes a spatula stroke averaging 25 cm. in 
length, at a rate of about two strokes per second. 
The thickness of the layer of ointment is 2-3 mm. 
The calculations involving the spatula technique of 
a pharmacist are made from the equation for rate of 
shear: 


S = dv/dr (6) 


where v is the velocity and r is the thickness of the 
layer. 

= 200 sec.-! (7) 

0.25 em. 

Equation 6 can be used in this manner only when 
very small clearances are involved, since the rate of 
shear is not constant throughout the entire thickness 
of ointment. The shearing rate at which the product 
might be processed by passage through milling and 
filling machines, or when removed from the jar or 
tube and applied to an affected area could be esti- 
mated by similar calculations. 

The thixotropic breakdown of petrolatum is not 
the rapid sol-gel transformation which is shown by 
more fluid dispersions, but rather is a more or less 
permanent structural change, the material not re- 
turning to its original consistency even after several 
months. Heating petrolatum to its melting point, 
however, permits a rearrangement of the crystal 
network so that the product, after cooling, again 
exhibits its initial thixotropic condition. One 
can actually observe a crystalline structure in petro- 
latum. This “crystal matrix is mechanically de- 
graded due to shearing” (7). 

The beginning of the upcurve in Fig. 2A indicates 
the consistency of the product before any distur- 
bance of its structure. The rate of shear at this 
point corresponds to the shearing which would be 
produced when removing the sample from a tube or 
jar, or the initial force exerted in spreading the oint- 
ment. The reciprocal of the slope of the downcurve 
is a function of the plastic viscosity, while the area 
between the up- and downcurves is a measure of the 
thixotropic breakdown. Yield value and _ plastic 
viscosity are dependent upon the top rate of shear 
while thixotropic breakdown is independent of the 
shearing rate. 

The yield value, plastic viscosity, and thixotropic 
index for the white petrolatum were calculated 
from the mean values of ten samples; these data 
are recorded in the first row (0% wax) of Table III. 

Studies on Petrolatum-Wax Mixtures.—A high 
yield value is characteristic of a product generally 
referred to as “hard” while a material which exhibits 
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Modified cup and bob for Stormer vis- 
cometer, 


Fig. 1. 


a high plastic viscosity is said to be “‘stiff."". Waxes 
are commonly added to ointments to harden and 
stiffen the preparation. This part of the study was 
designed to determine the changes in the rheological 
properties of the bases upon the addition of white 
wax. 


FOR WHITE 
PETROLATUM-WHITE MIXTURES 


TABLE 


2 M, Dyne 
sec./- 


Dynes/em.? Poises  em.? 
11,600 26 
13 ,600 32 
14,900 4 
20,200 22,700 56 
27 ,400 33,900 66 


Dynes Poists 
9,900 

11,600 

14,200 


Figure 2B shows the consistency curve for white 
petrolatum containing 10% white wax. The values 


RATE OF SHEAR (SEC.~!) 


100 «©6200 «6300 «6400 «6500 800 
LOAD IN GRAMS 
Fig. 2.-Consistency curves for petrolatum and 
petrolatum-white wax bases. A, petrolatum; B, 
petrolatum containing 10% white wax. @—up- 
curve. O-—downcurve. 
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listed in Table III for yield value, plastic viscosity, 
and thixotropic index for a given wax concentration 
were calculated from mean values for yield value 
intercepts and driving weights obtained from five 
determinations. 

Figures 3 and 4 show graphically the increase in 
plastic viscosity, yield value, and thixotropic index, 
M, as the percentage of wax is increased. The 
change which was most evident to the sense of 
touch was the increasing hardness of the samples. 

Studies on Petroilatum-Mineral Oil Mixtures.— 
Liquid petrolatum' was added to white petrolatum 
to obtain mixtures of 5, 10, 20, and 30% mineral oil 
in petrolatum. Consistency curves were obtained 
and the data, calculated from the mean values for 
yield value intercepts and driving weights, are pre- 
sented in Table IV. 


Taste DATA FOR WHITE 
PETROLATUM-MINERAL Or, MIXTURES 


L.iquid —125 sec. 210 sec.-'—. dyn 
Petrola- f, U, f, U, sec. /- 
tum, % Dynes/cm.*? Poises Dynes/em.? Poises cm.? 


o 9,900 38 11,600 26 23 


5,000 35 6,400 22 24 
10" 4,000 30 5,400 21 
20¢ 900 31 2,500 18 26 
306 800 2,000 14 


* Data obtained from mean values for five samples 
+ Data obtained from mean values for two samples 
© Data obtained from mean values for four samples. 


Increasing the percentage of liquid petrolatum 
produced a softer product which showed very little 
change in consistency upon manipulation. 

Incorporation of Powders in Ointment Bases.— 
Traxler, Schweyer, and Moffatt (8) studied the 
influence of dispersed solid particles on the viscosity 
of asphalts which were Newtonian in character, and 
found that a straight line relationship existed be- 
tween the volume per cent of filler and the logarithm 
of viscosity. Green (9) also gave equations relating 
plastic viscosity and yield value to the volume per 
cent of dispersed particles. 

The present study was undertaken to observe the 
change in the rheological properties of an ointment 
base upon the addition of a pharmaceutical powder 
such as zine oxide. The ointment base used in this 
study was composed of 30% liquid petrolatum in 
white petrolatum. Samples containing 5, 10, 15, 
and 20% by weight of zinc oxide were prepared ac- 
cording to the general method previously discussed 

Products containing more than 20% of zine oxide 
could not be studied with the rotational viscometer 
as they were granular in nature and ruptured in the 
annuluS as shearing occurred. It was found that 
this tendency could be minimized by using a cup 
and bob (Bob No. 2, Table I) having a smaller 
clearance. The size of the individual particles of 
zine oxide was estimated with an optical micrometer 
to be 1-2 yw, but it was impossible to determine the 
average size of the flocculates in the ointment. 

Figure 5 shows a typical consistency curve for a 
petrolatum-mineral oil base containing zinc oxide, 
and Table V shows the variation in yield value, 
plastic viscosity, and thixotropic index with increas- 
ing concentrations of zinc oxide. 


' The liquid petrolatum used throughout this investigation 


was liquid petrolatum, U. S. P-. 
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200 
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U (POISES) 
= 


L lL L 1 


5 10 15 20 
PER CENT WAX 
Fig. 3.—Plastic viscosities of petrolatum-white 
wax bases. A, top rate of shear of 125 sec.~!; 
top rate of shear of 210 sec.~*. 


As predicted by the relatively low yield value 
these samples were not hard, but as indicated by the 
high viscosity, they did feel stiff when manipulated 
with the spatula. 

Studies on Emulsion Type Bases.-Samples of 
hydrophilic ointment U. S. P. XIV were prepared 
according to the general method outlined previously. 
The samples were weighed both before and after the 
stirring operation; the weight loss due to evapora- 
tion of water was found to be negligible. 
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Fig. 4.—Thixotropic indices, M, and yield values 
f, of petrolatum-white wax bases. A, thixotropic 
index curve; B, yield value curve. 
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TABLE V.—RHEOLOGICAL DATA FOR MIXTURES OF 
Zinc Oxipe IN A Waite Perro_atum-Liguip 
PETROLATUM BASE 


M, 


——-210 sec. “'-—~ Dyne 
4 f 


% Dynes/cm.? Poises Dynes/cm.? Poises 

23 2,000 

33 1,700 

36 1,500 

38 6,600 

43 6,500 


sec./- 
em? 


" @ Data obtained from mean values for three samples. 
+ Data obtained from mean values for two samples. 
© Data obtained from mean values for four samples. 


The data in Table VI represent mean values ob- 
tained from five samples of hydrophilic ointment. 


TaBLe FOR HYDROPHILIC 


——-125 


U, 
Dynes/cm.? Poises 


f, 
Dynes, cm.? Poises 
3,300 40 


2,200 63 


Figure 6 is a typical consistency curve for hy- 
drophilic ointment U. S. P. XIV. This product 
showed high initial resistance to manipulation but 
broke down rapidly forming a soft cream when 
worked. The large area under the curve corre- 
sponds to the high degree of breakdown observed. 
The initial points on the curve show that the appar- 
ent viscosity was extremely high before the material 
was sheared. The plastic viscosity was higher than 
that of petrolatum, but this property was completely 
concealed by the very low yield value resulting after 
the material had been sheared. This ointment, 


RATE OF SHEAR (SEC. 
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LOAD IN GRAMS 
Fig. 5.—Consistency curve for  petrolatum- 
mineral oi] bases. A, petrolatum-mineral oil base; 
B, petrolatum mineral oil base containing 10% 
zinc oxide. @—upcurve. O—downcurve. 


petrolatum U. S. P. XIV. 
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Fig. 6.—-Consistency curve for hydrophilic oint- 
ment U.S. P. XIV. @—upcurve. O—downcurve. 


a 


more than any other, shows the necessity for com- 
plete consistency data and inspection of the consis 
tency curve for characterization of a product. 
Addition of Water to Emulsion Type Bases.— 
This part of the investigation was undertaken to 
observe the changes in the rheological properties of 
ointment bases upon the addition of water to form 
water-in-oil type emulsions. The bases selected 
for use in the study were hydrophilic petrolatum 
U.S. P. XIV, and a water-in-oil type emulsion base 
composed of white petrolatum and 2% Span® 80.* 


2 Powder Co., Wilmington, Del. 
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A, hydrophilic petro- 
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hydrophilic petrolatum. @—upcurve. Q—downcurve. 
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The bases containing water were prepared by add- 
ing the required weight of distilled water, heated to 
60-70°, to 50 Gm. of the selected base while the 
latter was still in the molten state. A previously 
prepared and cooled base could not be employed for 
the manufacture of the bases containing water, 
since reheating the congealed base would alter its 
rheological properties. The loss of water during the 
stirring operation was 200-300 mg., a quantity 
which was considered negligible. 

Figure 7 shows the change in the consistency curve 
of hydrophilic petrolatum on the addition of 20 Gm. 
of water to 100 Gm. of base, and Table VII presents 
data obtained for increasing concentrations of water 
in this base 


Tasie VIL.—-R#BOLOGICAL DaTA FOR THE ADDITION 
or WaTerR TO HyprRopHILic PETROLATUM 


Grams of 4 
Water Per 
100 Gm. of 
Hydro sec. ~! 
philic 
Petrola- f, U, f, U, 
tum Dynes/cm.? Poises Dynes/cm.? Poises 
21,000 23 ,000 34 
14,000 16,000 37 
2 11,000 j 15,000 37 
11,000 16,000 37 
11,000 16,000 35 


see. 


* Data calculated from mean values of five samples. 
+ Data calculated from mean values of four samples. 
© Data calculated from mean values of two samples. 


It was found that stable emulsions of water in 
hydrophilic petrolatum could not be formed when 
the quantity of water exceeded 30-40 Gm. per 100 
Gm. of hydrophilic petrolatum. Pressure of a 
spatula on samples containing more than this quan- 
tity of water caused droplets of water to exude from 
the base. These samples could not be studied in the 
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Fig. 8.—-Consistency curves for petrolatum- 


Span® 80 base. A, petrolatum-Span® SO: B, 100 
Gm. of water added to 100 Gm. of petrolatum- 
Span® 80 base. @—upcurve. O—downcurve. 
@©—upcurve and downcurve coincide. 
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rotational viscometer since the shearing action also 
caused water to separate and form an aqueous film 
around the bob, permitting the bob to turn without 
resistance. 

In general, increasing the concentration of water 
in hydrophilic petrolatum caused a decrease in yield 
value and an increase in plastic viscosity and thixo- 
tropic index, M. The sense of touch indicated that 
there was also a loss of tackiness when water was 
added to this base. (Tackiness or “‘stickiness’’ is 
not measured directly on the rotational viscometer; 
however, the degree of tackiness may influence the 
results obtained with the viscometer. ) 

While only 30-40 Gm. of water would remain in 
hydrophilic petrolatum when sheared, it was found 
that 100 Gm. of water added to 100 Gm. of petro- 
latum-Span® 80 base produced a perfectly accept- 
able emulsion. Table VIII indicates the effects of 
increasing water concentration upon the base con- 
sisting of 2% Span® 80 in white petrolatum. These 
data were calculated from mean values of yield value 
intercepts and driving weights for three samples at 
each concentration. 


DaTA FoR THE ADDITION 
or WATER TO WHITE PETROLATUM-SPAN®w BASE 


Grams of 
Water per ——125 sec. ~'——~ -—--210 sec. 
100 Gm. of pA U, f, U, Dyne 
Base Dynes/cm.? Poises Dynes/cm.? Poises sec./cm.? 
42 10,300 
9,400 25 
33 9 


35 9.400 
39 9.400 
33 «9,500 


@ Calculated from downcurves at 210 sec. ~! and 156 sec. ~!. 


Figure 8 is a comparison of the consistency curves 
of the anhydrous white petrolatum-Span® 80 base 
and the same base containing 100 Gm. of water per 
100 Gm. of base. The only significant change in the 
consistency of this base upon the addition of water 
was a decrease in thixotropy and loss of tackiness. 

Consultation with Dermatologists.—Several der- 
matologists were consulted to determine the oint- 
ment consistency which is desired by the phy- 
sician. The physicians stated that they did want 
ointments of different consistency for the treat- 
ment of different types of lesions or skin con- 
ditions. They agreed that if ointments were to 
be classified according to relative hardness and stiff- 
ness, this could best be accomplished by setting 
up three classes. Class I would consist of the oph- 
thalmic ointments, which would be the softest type, 
Class II would include the common medicated oint- 
ments such as ammoniated mercury ointment and 
boric acid ointment, which should be soft and unctu- 
ous but must be stiff enough to remain in place, and 
Class III should consist of the protective ointments 
such as zine oxide paste, which must be hard and stiff 
enough to remain in place even when applied to 
moist, ulcerated areas. 

Ointment bases composed of petrolatum-wax, and 
petrolatum-mineral oil mixtures were presented to 
physicians who were requested to disregard the na- 
ture of the base (i. e., whether hydrophilic or hydro- 
phobic) and consider only the consistency of the 
samples. The consistency of the samples chosen 
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-AVERAGE CONSISTENCIES OF OINTMENTS AS SELECTED BY PHYSICIANS 


sec. 
f, Dynes/em.? 


Class I Ointments 800-900 
Class II Ointments 4,000-10 ,000 


f, Dynes/cem.? U, Poises 


2 ,000-2 , 500 14-18 
5, 000-12 ,000 20-26 


was then determined by referring to Tables III and 
IV. The results are presented in Table IX. Class 
III products have not yet been studied adequately 
to provide entries for Table IX. 


DISCUSSION AND SUMMARY 


This study demonstrates the application of a 
modified rotational viscometer to a rheological study 
of pharmaceutical semisolids. The viscometer has 
been found applicable to the study of Newtonian 
materials over a viscosity range of 4-200 poises, and 
to the study of non-Newtonian bodies such as petro- 
latum, petrolatum-wax mixtures, petrolatum- 
mineral oil mixtures, emulsion type bases, and dis- 
persions of zine oxide in petrolatum-mineral oil 
bases. The consistency of non-Newtonian ma- 
terials was described by means of flow curves, 
from which calculations were made for indices such 
as yield value, plastic viscosity, and thixotropic 
index. Based upon a statistical analysis of results 
obtained from ten samples of white petrolatum, the 
modified Stormer viscometer is capable of reproduc- 
ing values for plastic viscosity within +4.5%. 

The penetrometer, frequently employed by the 
manufacturer of pharmaceuticals, cosmetics, and 
petroleum products, was also studied but was found 
to give poor results when used as the sole means of 
control for the consistency analysis of semisolids. 
For very hard products such as cake make-up’ and 
suppositories, however, the penetrometer may serve 
as a practical device for estimating product hardness. 

As suggested by preliminary studies presented in 
this paper, the rheologist in the development labora- 
tory can suggest changes in formulation which will 
provide the most acceptable consistency to a complex 
dermatological semisolid containing powders, liquids, 
and waxes. The pharmacist should recognize the 
importance of always filling ointments and creams 
into tubes and jars under uniform conditions; for, 
if a product is at one time filled warm and at another 
time forced through tubes or filling machines in the 
cold state, two rheologically different products may 
result. The rate of filling will also affect the con- 


For example, Pan-Cake® Make-up, Max Factor & Co. 


sistency of the finished product. Hydrophilic oint 
ment is an excellent example of a product of this 
type. It is prepared by fusion and, when allowed 
to cool without vigorous stirring, congeals to a hard 
ointment which is resistant to pressure of the fingers. 
However, if the ointment is sheared or worked by 
spreading it on the skin, rubbing it with a spatula, 
processing it in a mill, or forcing it through a hopper 
and filling machine, a very soft cream is produced. 

The dermatologist and patient are also concerned 
with the rheological properties of therapeutic semi- 
solid products. The patient demands a product 
which is easily removed from the container, spreads 
evenly and smoothly yet adheres well to the area, 
and is not tacky and difficult to remove. With 
these important considerations in mind, the present 
workers have begun a study with several dermatolo- 
gists to determine the proper consistency range for 
ointment bases of various types; preliminary results 
are summarized in Table IX. When this work is 
extended, it may be possible for the development 
groups of the pharmaceutical companies and the 
subcommittees of the official compendia to formu- 
late semisolid bases which fall within certain selected 
consistency ranges. 

This report was not directed toward a complete 
solution of the problems presented, but rather to- 

ward a demonstration of the importance of rheo- 
logical studies in pharmacy, and an illustration of 
how rheology might profitably be applied to the 
development, production, and control of pharmaceu- 
tical semisolids. 
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The Pharmacology of 
Methsulfate, Compound 14045, 

A New Parasympathetic Depressant* 


By HENRY M. LEE, WILLIAM GIBSON, WILLIAM G. DINWIDDIE, and JACK MILLS 


1-Cyclohexyl-1-phenyl-3-pyrrolidino- 1-propanol methsulfate has been found to be a 


drug which possesses marked anticholinergic activity. 
for the gastrointestinal tract of anesthetized or trained animals. 
have pharmacological properties similar to many of the atropine substitutes. 


This was particularly true 
It also is shown to 
It in- 


hibited gastric and salivary secretions and caused dilatation of the pupils. With rela- 
tively high doses sympathetic ganglionic blockade and a curare-like paralysis could 
be demonstrated. Toxicity studies indicated that the drug was much more toxic by 
vein than atropine but about equally toxic by mouth. Three-month subacute toxicity 
studies revealed the drug to be well tolerated by rats and dogs. 


Is THE CONSTANT SEARCH for new therapeutic 

agents which might become useful in the treat- 
ment of gastrointestinal disorders, the chemical 
structures of atropine and papaverine have 
proved to be fruitful starting points. With the 
disclosure in the O. P. B. report in 1945 (1), that 
certain derivatives of 1,1-diphenyl-aminopropane 
have interesting spasmolytic properties, a new 
field of investigation was opened. Since that 
time, there have been several reports (2-8), on 
various closely related substances, which in some 
instances had anticholinergic activities approxi- 
mately equal to that of atropine. 

During the past several years, many derivatives 
of this substituted propane series have been syn- 
thesized in these laboratories. In the course of 
this investigation, one member of the series of 
compounds was studied intensively. Its clinical 
evaluation indicated it to be useful in the treat- 
ment of spastic conditions of the gastrointestinal 
tract. This compound is l-cyclohexyl-1-phenyl-3- 
pyrrolidino-1-propanol methsulfate, or compound 
14045.' Its structural formula is: 


SCH,CH{N H 


This communication presents some pharmaco- 
logical aspects of this antispasmodic drug. 


MATERIALS AND METHODS 


Compound 14045 is a white, crystalline substance, 
soluble in water to the extent of 2%. It is also 
soluble in alcohol, but not in ether. It is bitter to 


* Received January 30, 1954, from the Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis 6, Ind 

‘Compound 14045 is marketed under the trade name of 
Elorine Sulfate ® (tricyclamol sulfate, Lilly) 

The authors are indebted to Drs. R. C. Anderson and P. N 
Harris for the greater part of the toxicity experiments with 
this drug as well as for the extensive pathological studies 


the taste. Some of the experiments were carried out 
with the methiodide salt of this amine and others 
with the methchloride. A direct comparison of the 
antispasmodic action on isolated organ tests as well 
as acute toxicity tests in mice revealed no essential 
quantitative differences among these three salts. 

Spasmolytic activity on isolated smooth muscle 
tissue was conducted on segments of guinea-pig 
ileum suspended in a bath of Tyrode’s solution at 
37.5° in the usual manner. The spasmogenic agents 
used were methacholine iodide and histamine. 
These were added to the muscle bath to produce a 
concentration of 0.5 ug./ml. 

Spasmolytic activity in vivo was demonstrated in 
nonanesthetized trained female dogs with Thiry- 
fistulas of the ileum or jejunum. An air-filled bal- 
loon and tambour system recorded motility and tone 
changes. Anesthetized dogs and cats also served to 
demonstrate gastrointestinal antispasmodic activity 
in vivo. The animals were anesthetized with Se- 
conal® Sodium (secobarbital sodium, Lilly) or 
phenobarbital sodium. In some instances, para- 
sympathetic stimulants were given to enhance peri- 
stalsis. These stimulants were either physostig- 
mine, methacholine, Urecholine®, or Prostigmin®. 
Movements of the duodenum were recorded by the 
same balloon and tambour method or by a modifi- 
cation of the method of Bell and Robson (9). 

Blood pressure changes in the anesthetized ani- 
mals were recorded with a mercury manometer. To 
study the antivagal action of the drug, the right 
vagus nerve isolated in the neck of a cat was stimu- 
lated with an electronic stimulator. Respiratory 
changes were recorded with a tambour and respi- 
rometer. 

Sympathetic ganglionic blockade was investigated 
in anesthetized cats by using a technique similar to 
that described by Acheson and Pereira (10). The 
contractions of the right nictitating membrane were 
recorded during stimulation of the sympathetic 
supply of that organ both posterior and anterior to 
the superior cervical sympathetic ganglion. 

Curare-like paralysis of skeletal muscle was in- 
vestigated in anesthetized cats and in an anesthe- 
tized rat. Gastrocnemius muscle twitches were re- 
corded by an isotonic lever during stimulation of the 
sciatic nerve by single shocks from an electronic 
stimulator, given at a regular rate. 
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The curare-like action of the new compound on 
acetylcholine-induced contracture was studied on 
the isolated rectus abdominus muscle of the frog, 
suspended in a bath of Ringer’s solution. The con- 
centration of acetylcholine used was 0.1 yg./ml. 
The inhibitory drug was added to the bath one and 
one-half minutes before acetylcholine. 

The effect of Compound 14045 on salivary secre- 
tion was studied in anesthetized dogs. Salivary 
flow from the cannulated Wharton's duct was stimu- 
lated by the intermittent intravenous injection 
of methacholine iodide, 0.005-0.015 mg./Kg. The 
magnitude of the outflow was recorded with a drop 
counter. 

The inhibitory action of Compound 14045 on 
gastric secretion was investigated by using a modi- 
fication of the pyloric-ligated rat technique de- 
scribed by Shay (11). Rats, 90-120 Gm. in weight, 
were starved forty-eight hours prior to the experi- 
ment. Anesthesia was induced by 47 mg./Kg. 
Seconal® Sodium administered intraperitoneally. 
Groups of these animals were injected subcutane- 
ously with various doses of Compound 14045 at the 
time of the ligation. A control group was always 
observed with the treated group. Six hours after 
the operation, all animals were sacrificed, the gastric 
juice collected, centrifuged, and its volume meas- 
ured and its free hydrochloride titrated. 

The action of Compound 14045 on gastric secre- 
tion resulting from the stimulation by histamine was 
observed in two anesthetized cats by a modification 
of a method described by Burn (12). Histamine 
acid phosphate, 0.01 mg./Kg., was injected sub- 
cutaneously every ten minutes to induce a constant 
flow of gastric juice. The total acid in samples 
taken every fifteen minutes was titrated with 0.05 
N NaOH. 

Mydriatic and local anesthetic properties were 
studied by the application of Compound 14045 to 
conjunctival sacs of albino rabbits. 

Antispasmodic action of bronchiolar muscle was 
studied in guinea pigs subjected to an aerosol of 
methacholine iodide. The procedure here was simi- 
lar to that described previously (13) with the excep- 
tion that a 1% solution of methacholine iodide was 
substituted for histamine. The animals were dosed 
by mouth with the methiodide salt of Compound 
14045 one hour before the animals were placed in the 
aerosol chamber. 

Acute toxicity studies on Compound 14045 were 
investigated by the intravenous, intraperitoneal, and 
oral routes in mice, by the oral route in rats; by 
intravenous administration to rabbits; and by in- 
travenous, subcutaneous, and oral administration to 
dogs. When the data were sufficientiy extensive, 
the median lethal doses were calculated by the 
method of Bliss (14). 


OMG 4045 COS AG 


Fig. 1.—-Tracing of the motility of Thiry fistula of 
the ileum in nonanesthetized female dog. Time in 
minutes on bottom line. Record shows effect of 
Compound 14045 injected by vein. 
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Subacute toxicity studies were made in rats and 
dogs. Three groups of five female rats were fed 
diets containing Compound 14045 in concentrations 
of 0.25, 0.50, and 1.0%, by a method described by 
Anderson (15). Thirteen mongrel dogs were given 
oral doses once daily by capsule. The doses were 
25, 50, 100, and 200 mg./Kg. Control samples of 
blood and urine as well as frequent samples of blood 
and urine during the treatment period were taken for 
analysis. At the end of thirteen weeks for the rats 
and thirteen to fourteen weeks for the dogs, the 
animals were sacrificed for the purpose of gross and 
microscopic pathological examination. 


EXPERIMENTAL RESULTS 


Spasmolytic Action on Isolated Smooth Muscle 
Tissues.—The addition of Compound 14045 to the 
bath fluid surrounding strips of guinea-pig ileum 
resulted in a significant relief of the methacholine 
spasm. The effective concentrations of Compound 
14045 were 0.006-0.01 yg./ml. Comparative tests 
with atropine sulfate on this tissue indicated that 
Compound 14045 was less active than atropine. 
The best estimate of the relative potency of Com- 
pound 14045 in this isolated preparation as de- 
termined by the method of Loewe (16) revealed this 
amine to be 47 + 4.7% as active as atropine sulfate 
on a weight for weight basis. 

When histamine was the spasmogenic agent, no 
significant relief of the spasm was noted when con- 
centration of Compound 14045 in the bath varied 
from 0.25 to 5.0 yg./ml. Higher concentrations 
than these caused some inhibition of the histaminic 
response. Since an antihistaminic agent such as 
Histadyl® (thenylpyramine, Lilly) showed definite 
antispasmodic properties at 0.005 yg./ml. under 
these circumstances, it was concluded that Com- 
pound 14045 had little or no antihistaminic activity. 

Spasmolytic Action in Vivo.-The intravenous 
injection of 0.00625 to 0.025 mg. of Compound 
14045 per Kg. of body weight into trained dogs with 


Ol 


eo 


Fig. 2.—Kymograph record of duodenal move- 
ments and blood pressure in male dog anesthetized 
with sodium phenobarbital 150 mg./Kg.,i v. Trac- 
ings from top to bottom: (1) Duodenal movement 
recorded by balloon and tambour. (2) Mean arte- 
rial blood pressure from left carotid artery. (3) 
Injection signal. (4) Time in minutes. (5) Drop 
of secretion from right cannulated Wharton's duct. 
At M, 5 wg./Kg. of methacholine iodide was in- 
jected by vein. Record indicates the blocking ac- 
tion of Compound 09301 (the methiodide salt of 
Compound 14045) on duodenal spasm, vasode- 
pression, and salivary secretion induced by meth- 
acholine. 
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Thiry fistulas caused a barely detectable inhibition of 
motility and tone of the fistula segment. Atropine 
sulfate, intravenously administered to these same ani- 
mals, indicated that Compound 14045 was approxi- 
mately equal to atropine on the basis of threshold 
doses. A larger dose of Compound 14045, 0.05 mg./ 
Kg., induced a more pronounced depression of tone 
and motility which lasted approximately twenty-five 
minutes. Figure 1 illustrates this type of response 
in a trained dog. In these same animals, the intra- 
venous injection of a cholinergic agent, Urecholine®, 
0.01-0.03 mg. per Kg., elicited a definite spasm of 
the fistula. During this spasm, the intravenous 
injection of the methiodide of Compound 14045, 
0.02-0.1 mg./Kg., caused a spasmolytic response. 

The oral effectiveness of Compound 14045 also 
was assessed in these fistula animals by adimiinister- 
ing it in capsules. Pretreatment with Prostigmin®, 
0.0L mg./Kg. by vein, was instituted to induce 
marked increase in tone and motility. A dose of 
Compound 14045, 25 mg./Kg., was not consist- 
ently active. A dose of 50 mg./Kg. had definite anti- 
spasmodic action. 

In three anesthetized cats and five anesthetized 
dogs, doses from 0.01 to 10.0 mg./Kg. by vein of 
either methiodide or methsulfate salt of Compound 
14045 effectively diminished the motility and tone 
of the duodenum. This was especially true when a 
parasympathomimetic agent, such as Urecholine®, 
methacholine, or Prostigmin®, was given to promote 
peristalsis. Figure 2 illustrates the inhibition of the 
transient spasm of the duodenum caused by metha- 
choline iodide when the methiodide salt of Com- 
pound 14045 was given by vein. The effect of Com- 
pound 14045 on the colon was rather inconsistent— 
inhibitory in some instances and stimulatory or neg- 
ative in others. No action was observed on the 
recorded movements of the urinary bladder ,in one 
experiment 
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Fig. 3.—Kymograph record of contractions of 
right nictitating membrane of a cat under sodium 
phenobarbital anesthesia. The right cervical sym- 
pathetic trunk was stimulated both posterior and 
anterior to the superior cervical ganglion through 
shielded electrodes with an electronic stimulator. 
SO = Stimulation On; SF = Stimulation Off. 
Stimulus strength just sufficient to produce a maxi- 
mal contraction; rate—10 shocks per second. 
Record illustrates ganglionic blockade of compound 
14045 while preganglionic fibers are stimulated. 
2.0 mg./Kg. of drug injected by vein at D. 


Cardio-Vascular and Respiratory Action._-The 
blood pressure responses to Compound 14045 or 
its methiodide salt were tested in 14 dogs and 18 
cats. The intravenous injection of doses ranging 
from 0.5 to 10.0 mg./Kg. usually caused a fall in 
mean arterial pressure with recovery. The dura- 
tion of the hypotension varied with the dose. In- 
jection of higher doses than 10 mg./Kg. resulted in 
respiratory paralysis. Oral doses of 50, 37.5, and 
25 mg./Kg. in cats were without significant effects 
on mean arterial pressure. 


Fig. 4. 
blood pressure of an anesthetized cat. 
stimulated through shielded electrodes. 
per minute. Compound 


Kymograph record of the contractile responses of the right gastrocnemius muscle and 

Right sciatic nerve isolated, 
Stimulus strength just maximal. 
14045 injected by vein where indicated at 12.5 mg./Kg. by vein. 


cut, and peripheral end 
Stimulus rate—8 shocks 
T = 


i. v. injection of tensilon 1.5 mg./Kg. C = i. v. injection of 300 wg./Kg. d-tubocurarine chloride. 
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The vasodepressor responses of methacholine in 
doses of 0.0004-0.016 mg./Kg. in dogs were abol- 
ished by the methiodide salt of the drug when this 
material was given intravenously at 0.1-1.0 mg./Kg. 
This is illustrated in Fig. 2. In cats, the depressor 
responses to methacholine, 10 mg./Kg. and the re- 
sponses due to momentary stimulation of the right 
vagus were blocked by the administration of the 
anticholinergic agent in doses of 50 and 37.5 mg./Kg. 
by mouth and 0.01-0.50 mg./Kg. by vein. 

Ganglionic Blockade.—By intravenous injection 
of Compound 14045 into ten anesthetized cats, it 
was established that a dose of 2.0 mg./Kg. was 
necessary to reduce by one-half the response of the 
nictitating membrane to the stimulation of pre- 
ganglionic fibers in the cervical sympathetic trunk. 
In this regard, Compound 14045 had about one- 
fourth of the inhibitory activity of tetraethylam- 
monium chloride. The site of action for this re- 
sponse was assumed to be on the superior cervical 
ganglion, since no inhibitory response could be elic- 
ited while the postganglionic fibers were stimulated 
(Fig. 3.). 

Curare-like Action on Skeletal Muscie.—The 
intravenous injection of 10-20 mg./Kg. of Com- 
pound 14045 into anesthetized cats significantly 
reduced the contractile response of the gastroc- 
nemius muscle stimulated electrically through its 
motor nerve supply. The results of the rat experi- 
ment were essentially similar. In both species, by a 
direct comparison, it was found that Compound 
14045 or its methiodide salt was approximately 
1/199 as effective as d-tubocurarine chloride in causing 
myoneural paralysis. The duration of the paralysis 
was shorter than with equally effective doses of the 
curare alkaloid. The effects of large amounts of Com- 
pound 14045 lasted only approximately twenty 
minutes. 

A distinct qualitative difference between Com- 
pound 14045 and d-tubocurarine was illustrated by 
the action of the anticurare drug, tensilon (3-hydroxy- 
phenyldimethylethylammonium bromide). This 
agent has been reported by Randall (17) to possess 
distinct anticurare activity, an observation confirmed 
in our cat experiments. In contrast, the curare-like 
effect observed with Compound 14045 was not antag- 
onized by subsequent treatment with tensilon. In 
one instance, the degree of neuromuscular block in- 
duced by Compound 14045 was enhanced by the in- 
jection of tensilon. This is illustrated in Fig. 4. 

Compound 14045 possessed the ability to inhibit 
the contracture-like responses of acetylcholine 
chloride on the isolated rectus abdominus muscle of 
frogs. This tissue responded regularly to repeated 
treatments with acetylcholine 1.0 ug. /ml. Compound 
14045 added before the stimulant drug in concen- 
trations of 2.0-5.0 yug./ml. significantly depressed 
succeeding acetylcholine contractures. d-Tubocu- 
rarine, treated in the same way, had approximately 
ten times the activity of Compound 14045 in de- 
pressing this type of contracture. 

Paton and Zaimas (18) have shown that deca- 
methonium, or Compound C-10, potentiated the 
action of acetylcholine on the frog rectus muscle and 
also, in some instances, caused contracture itself. 
The acetylcholine-potentiating action of decame- 
thonium on this preparation was confirmed in our 
laboratories. Since Compound 14045 depresses the 
action of acetylcholine, it qualitatively resembles 
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TaBLe I.—AcTion oF Compounp 14045 oN 
Gastric SECRETION IN Py Loric-LicgaTep Rats 


> Change 
Vol. Gastric 
__Juice 
100 Gm./- 
Body Wt. 
—33 


Doses 
Compd. 14045, 
mg./Kg. 


% Change 
M. M. HCI 


Number 
of animals 


d-tubocurarine and not the synthetic agent, de- 
camethonium. 

Action on Glandular Secretions.— Salivary Secre- 
tion.—The intravenous injection of the methiodide 
salt of Compound 14045 into two anesthetized dogs 
completely inhibited the methacholine-stimulated 
salivary flow from the cannulated Wharton's duct. 
Effective doses in one dog were 0.01 and 0.1 mg./Kg. 
and, in the second animal, 0.1 mg./Kg. Figure 2 
illustrates the antisecretory action of the meth- 
iodide salt of Compound 14045. 

Gastric Secretion.—The results of the treatment of 
pyloric-ligated rats with various doses of Compound 
14045 are summarized in Table I. Here are tabu- 
lated for each dose the volume of gastric juice per 100 
Gm. of body weight and millimoles free hydrochlo- 
ride per liter in terms of per cent change of the con- 
trol group. 

It is apparent that the depression of the volume of 
the gastric juice and, to a lesser extent, the concen- 
tration of free hydrochloride within a certain dose 
range, are dependent upon the dose of Compound 
14045 injected. 

From the data in this table a dose response curve, 
relating log dose and percentage change of volume of 
gastric secretion, was constructed. On the basis of 
this curve, the dose expected to cause a 50% reduc- 
tion in volume secretion, per 100 Gm. body weight 
was estimated. The approximate error for this esti- 
mate was calculated by the graphic method of Miller 
and Tainter (19). The 50% point and its approxi- 
mate error for Compound 14045 was equal to 1.5 + 
0.67 mg./Kg. Similar data indicated that atropine 
sulfate had approximately the same order of activity. 
The dose estimated as necessary for 50% reduction 
in volume of juice per 100 Gm. body weight for 
atropine was equal to 1.0 + 0.92 mg./Kg. 

Compound 14045 had no appreciable effect on 
gastric secretion in two anesthetized cats stimulated 
by repeated subcutaneous injection of histamine. A 
dose of 25 mg. injected subcutaneously when the 
output of acid had reached a fairly constant rate, 
failed to suppress the secretion of acid significantly 
in either animal. These results are in accord with 
those recently noted by Robertson and Grossman 
(20), who saw no effect with this agent in histamine- 
stimulated, total gastric pouch dogs. 

Mydriatic and Local Anesthetic Properties.— 
Compound 14045, in the form of its methiodide 
salt, exhibited definite mydriatic properties when 
instilled in the eyes of albino rabbits. The effective 
concentrations were 1.0 and 0.1%. Atropine sul- 
fate in similar animals was effective in causing 
pupillary dilatation in the range of concentration of 
1.0 to 0.005%. Thus, atropine, locally applied, 
was a much more potent mydriatic than Compound 


|_| 
10 1.0 +0.2 
5 2.0 —69 —35.7 
10 4.0 —78.5 —45.5 
5 10.0 —90 —84.0 
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Tasie II.—Prorecttve ACTION OF METHIODIDE 

Satt or Compounp 14045 ADMINISTERED BY 

Mourn to GuINngA Pics SuBsJECTED TO AN AEROSOL 
or MBTHACHOLINE [oDIDE 


Number 
protected 


Number 
treated % Protected 


Compound 14045 
8.3 68 + 2.6mg./Kg. 


mg/Kg. 


58.0 


75.0 


Atropine Sulfate 
33.0 + O41 mg./Kg. 
83.0 
50.0 
89.0 
6/6 100.0 


14045. In the same species, Compound 14045 
demonstrated no local anesthetic properties on the 
cornea when it was instilled in a 1.0% concentration. 

Antispasmodic Action on Bronchiolar Tissue.— 
The protective effects of the oral administration of 
the methiodide salt of Compound 14045 to guinea 
pigs in a methacholine iodide aerosol are tabulated 
in Table Il. For the purpose of comparison, atro- 
pine sulfate data are included. The doses protect- 
ing 50% of the animals were calculated from data in 
Table Il by the graphic method of Miller and Tain- 
ter. It will be apparent that, by mouth, the anti- 
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cholinergic Compound 14045 is much less effective 
than is atropine sulfate. 

Toxicity Studies.—Acute.—In Table III are 
found the data comparing the toxicity in rats and 
mice of Compound 14045 in both salt forms with 
atropine sulfate. The outstanding toxic sign ob- 
served in these animals was a curare-like paralysis 
which, if severe enough, resulted in death by respira- 
tory failure. 

It is apparent from an inspection of Table III 
that Compound 14045, when injected by vein or 
intraperitoneally, is much more toxic in mice than 
atropine sulfate. Orally, in both rats and mice, 
atropine and Compound 14045 are essentially equal 
in toxicity. 

When Compound 14045 was injected by vein into 
rabbits in a dosage range of 2.0-16.0 mg./Kg.,it was 
found that all doses caused mydriasis. A dose of 
12 mg./Kg. produced a curare-like head drop which 
lasted for a short time. A dose of 16 mg. killed the 
animals by respiratory paralysis. 

The toxicity signs observed in normal dogs were 
similar to those seen in the rabbits. The outstand- 
ing reactions were those of cholinergic blockade and 
included mydriasis, tachycardia, xerostomia, and 
head drop with partial paralysis. These results 
are summarized in Table IV. 

Subacute Toxicity—Rats.—All rats fed Compound 
14045 incorporated in the diet survived the 13-week 
test period. Only those animals fed the diet con- 
taining the drug in the highest amount, 1%, showed 
slight retardation in body weight gain. When the 
animals were sacrificed, gross and microscopic ex- 


Route of 
Administration 


Drug 

14045 ( Methsulfate ) 
14045 ( Methsulfate 
14045 ( Methiodide ) 
14045 ( Methiodide) 
14045 ( Methiodide ) 
14045 ( Methchloride ) 
14045 ( Methchloride 
14045 (Methsulfate) 
Atropine Sulfate 
Atropine Sulfate 
Atropine Sulfate 
Atropine Sulfate 


Animal Species 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Rat 
Mouse 
Mouse 
Mouse 
Rat 


No. of Animals 
Used 
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Taste IV.—-Toxtcrry or Compounp 14045 tin Norma Docs (Ong ANIMAL PER Dose) 


Route of Ad- 
Salt Tested Dose, mg./Kg. ministration 


Methiodide 10.0 


M ydriasis Tachycardia Xerostomia 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 


Not determined 


Other Effects Observed 
Emesis 
Head drop, atonia 
Almost complete paralysis 
None 
Head drop 
Head drop, tremors, death 


++++44 


Methsulfate None None 
+ None 
+ None 


+ None 


None 
Restless 


Not Determined 
Not determined 


Methiodide 


++ 


; 
= 
Dose, EDw + S. E., 
5.0 6/12 50.0 
20.0 9/12 
1.0 
2.5 
5.0 
: 10.0 
Tasie III.—Acute Toxicity or Compounp 14045 AND ATROPINE SULFATE IN MICE AND RATS 
i. Vv. 105 15.60+ 0.4 
tS Oral 34 554.4 + 5 
i. v. 59 12 54 
ah i. p. 30 86 91 
the Oral 50 515 42 
i. v. 24 11 4 
ss Oral 37 394 8 
3 Oral 60 984 9 
i. Vv. 24 87 61 
aa i. p. 100 230 7 
Oral 40 515 0 
F Oral 40 1105 
iv. 
12.0 i. Vv. 
14.0 i. Vv. 
25.0 
50.0 $.¢. 
50.0 Oral 
100) 0 Oral + 
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amination of the visceral organs revealed no abnor- 
malities in any rat. 

Subacute Toxicity--Dogs.—All animals receiving 
25 or 50 mg./Kg. daily of Compound 14045, and one 
of those receiving 100 mg./Kg., survived the entire 
period of 13-14 weeks of observation. The remain- 
ing animals on amounts of 100 and 200 mg./Kg. 
daily died after 2 to 10 doses. Post-mortem exam- 
ination of these animals disclosed some congestion 
of the lungs, spleen, and kidneys. The animals that 
survived the test period showed no abnormalities, 
either grossly or microscopically, when they were 
sacrificed. 

Frequent hematological checks during the course 
of the study revealed no damage to the hematopoi- 
etic system. Blood sugar, nonprotein nitrogen val- 
ues, as well as blood clotting times, stayed within 
normal limits throughout. The changes in urine 
sugar and albumin were comparable to those ob- 
served in normal animals, 


SUMMARY AND CONCLUSIONS 


1. Compound 14045, a quaternary am- 
monium salt, is a potent anticholinergic agent. 
Its activities have been demonstrated on various 
effector sites. It effectively inhibited isolated 
intestinal segments stimulated with methacholine, 
and it showed marked antispasmodic action on 
the gastrointestinal tracts of trained and anesthe- 
tized animals. It was more effective by vein than 
by mouth. It blocked the action of the vagus 
on the heart and showed marked mydriatic ac- 
tivity. At dose levels much higher than neces- 
sary for effects on the intestine, it blocked synap- 
tic conduction in sympathetic ganglia. At near 
lethal dose levels it interfered with normal nerve- 
muscle conduction by a curare-like blockade. It 
inhibited salivary secretion in the dog, and in the 
rat showed marked ability to suppress the spon- 
taneous secretion of gastric juice. No effect on 
histamine-stimulated gastric juice was observed 
in cats. Guinea pigs subjected to an aerosol of a 
cholinergic agent were protected from asphyxia by 
pretreatment with compound 14045. No loc:! 
anesthetic activity could be demonstrated. 
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2. The acute toxicity of this agent has been in- 
vestigated in mice, rats, rabbits, and dogs by 
various routes of administration. It was much 
more toxic by vein than atropine sulfate and 
about as toxic as atropine by mouth. The pri- 
mary cause of death appeared to be a curare-like 
paralysis. 

3. Rats fed concentrations as high as 1% 
the diet for three months survived, gained weight, 
and showed no visceral damage. 

4. Dogs administered daily doses of 25 and 50 
mg. Kg. survived the test period of three to four 
months. Larger doses were toxic although one 


dog survived after 119 daily doses of 100 mg./Kg. 
Necropsy studies and frequent blood and urine 
analysis failed to show any untoward reactions. 
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Characterization of Essential Oils. 


Mentha Genus 


Oils* 


By ROBERT H. REITSEMA 


An investigation has been made on essential oils from plants of the Mentha genus. 
The physical constants have been determined. The ayes of oils have been grouped 


on the basis on their ketones as determined by t 


AS A RESULT of an intensive peppermint and 

spearmint breeding program a large num- 
ber of Mentha species and varieties have been 
available for chemical investigation. It was 
thought that a study of the constituents of the 
various mint types and of their hybrids might 
give some insight into the mechanism of the 
formation of the oils. 

Although a large body of information about 
mint oils exists in the literature it was difficult 
to use much of it in this work. Often only the 
physical constants or group analysis (total alco- 
hol, acid number, etc.) are given for an oil. 
These are quite inadequate to characterize an oil. 
In other cases a great deal of confusion is appar- 
ent. This results undoubtedly from the use of 
different species names and from uncertain bo- 
tanical identification of the plant material. 
By combining a program of genetics with a chemi- 
cal study of the oils it has been possible to cor- 
relate some of this information. The most com- 
monly used names have been accepted as far as 
possible. The oils have been distilled from 
plants which have been characterized mor- 
phologically and which will be described sepa- 
rately.! 

A preliminary classification of the oils on the 
basis of chromosome number as indicated by 
prior workers and by predominant ketone is 
given in Table I. Physical constants and ke- 
tone group percentage also have been used to 
define the oils. Finally the pattern produced 
. by the oils through application of the chromato- 
plate techniques has been used to characterize 
the oils. 


EXPERIMENTAL 


Plant Material.—-The oils used for this work were 
obtained from plants grown by M. J. Murray of these 
laboratories. Without his assistance this study 


* Received February 25, 1054, from the Chemical Labora- 
tories, A. M. Todd Company, Kalamazoo, Mich 

The author wishes to acknowledge gratefully the technical 
assistance of Wm. Faas and Wm. Schipper and the encour- 
agement of this work by W. A. Todd. , 

! Specimens of the plant material described in this work 
have been deposited by Dr. M. J. Murray of these labora- 
tories in the Cornell University Herbarium and in the Mis- 
souri Botanical Garden, St. Louis, Mo. 


chromatoplate method. 


would not have been possible. The chromosome 
numbers assigned to the oils are the result of his co- 
ordination of the work of earlier workers with his 
plant classification. 

The oils were isolated from the mature plants by 
steam distillation in the laboratory. In many 
cases the amount of material was very limited and 
the special apparatus previously described (1) for 
the distillation of oil from plants was utilized. Care 
was taken to avoid contamination of the material 
either during cutting, drying, or distillation. 

Assay of the Oils.—The rotations recorded in 
Table II are specific rotations taken on the homo- 
geneous oils at room temperature. The ketone 
assays were run by using an excess of hydroxyl- 
amine hydrochloride solution in the cold and back 
titrating the excess acid with 0.5 N sodium hy- 
droxide. All ketone percentages are calculated as 
menthone for uniformity. 

Chromatographic Technique.—For rapid inspec- 
tion of the oils, a chromatographic method using 
starch-silicic acid adsorbent on glass plates was used. 
This was a modification of the general method of 
Kirchner, Miller, and Keller (2) for the prepara- 
tion of the adsorbent. The general method of run- 
ning chromatoplates has been described previously 
(3). Glass plates 5 inches wide and 7 inches long 
were coated with a silicic acid-starch mixture to a 
depth of about 0.02 inch. The adsorbent was pre- 
pared by heating a mixture of 28.5 Gm. of silicic 
acid (Fisher, C. P., precipitated), 1.5 Gm. of starch 
(amylopectin or cornstarch), 0.0011 Gm. of rhod- 
amine 6G, and 54 ml. of water on a water bath at 
85° until a short time after the mixture thickened. 
The mixture was diluted with 20 ml. of water and 
applied immediately to the plates. The plates 
were dried twenty minutes in an oven at 105° 
followed by thirty minutes in a desiccator over 
powdered potassium hydroxide at a pressure of 2 
mm. Oils were applied along a line 2 cm. from the 
bottom with ultramicro pipets delivering 1 or 2 
ug. or with hypodermic needles using one to two 
drops of 10% solutions of the oil in hexane. De- 
velopment of the chromatoplate was carried out 
in a covered battery jar containing enough 10% 
ethyl acetate in hexane to cover the plate to a depth 
of about 1 cm. 


Location of Compounds.—The general procedure 
has been given earlier (3). The rhodamine 6G 
permitted location of ultraviolet active materials 
(abbreviated herein as “UV"’). Dinitrophenylhy- 
drazine spray gave colors which were often char- 
acteristic of the materials. Carvone, for instance, 
gave a red spot while menthone produced a yellow 
spot. The presence of the rhodamine 6G also inten- 
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TABLE I.—CLASSIFICATION OF MENTHA PLANTS 


Carvone Group 


M. niliaca, Jacq. em. Briq. 


M. spicata L. 
mint) 

AM. spicata L. Line 1 strain 

M. crispa L. 

M. cardiaca (Gerarde or 
Baker?) (Scotch spearmint) 


(Amer. spear- 


Menthone Group 
M. pulegium L. 


M. piperita L. (Mitcham pep- M. 
permint strain) 
M. piperita L. (Amer. pepper- 


Miscellaneous Group 
M. sylvestris L. (or M. — 
(L.) Huds.) M. rotundtfolia 
(L.) Huds. 


M. spicata L., T. G. strain 


citrata Ehrh. (Bergamot 
mint) 
M. aquatica L. (water mint) 


mint strain) 


M. arvensis L. var. piperascens 


M. gentilis L. 


Briq. (Japan. peppermint ) 


sified the colors of these derivatives when studied 
under ultraviolet light. The heat- and acid-sensi- 
tive materials were detected after the sprayed 
plate had been heated in an oven at 105° for ten 
minutes. The plate was inspected under both 
visible and ultraviolet light. Transmitted light was 
particularly of value in this case. 

Additional tests have been run on these oils to 
aid in some characterizations. Occasionally in place 
of the dinitrophenylhydrazine spray, bromine va- 
pers were led over the plate to give white spots 
where compounds taking up bromine were located. 
In our experience the use of rhodamine 6G is very 
useful for this test and is a definite aid in making it 
more sensitive. It gives essentially the same test 
«described by Kirchner, Miller, and Keller (2) who 


used a fluorescein preliminary spray instead of 
the rhodamine 6G. However, the rhodamine is 
more convenient since it is also useful for the ultra- 
violet and the dinitrophenylhydrazine tests and 
does not require an additional spray. The bromine 
absorption test is more limited in scope than the 
general method used for the chromatoplates and was 
used only in special cases. 


DISCUSSION 


The Mentha genus can be grouped conveniently 
according to the nature of the predominant ketones 
as shown in Table I. This table includes most of 
the oils used in this work. The correlation between 
chromosome number and type of constituents or 


II. —Assays OF MENTHA SPECIES 


Mentha Species 
Anise Mint 
M. aquatica 


M. arvensis 
European race 2n* 
4n 
Wisconsin race 
. cardiaca (Scotch spearmint ) 
. citrata 
. crispa 
. gentilis 
AM. arvensis var. piperascens (Japan. 
peppermint ) 
M. niliaca 
M. puleginum 
Jregon race 
Wisconsin race 
M. piperita (peppermint) 
M. rotundifolia 


M. spicata (Amer. spearmint) 
Line 1 strain 
Dearborn strain 
Todd Gentilis strain 
M. sylvestris 
2n* 
2n second cutting 
4n* 


0.919 
0.947 


923 

934 

9231 
9010 
9145 
8660 


897 


.9272 


922 
0.933 
0.900 + 0.004 

0.997 1.4865 

1 5026 
0.9193 4857 

4795 
0.9040 4618 
0.9641 
0.956 
0.9605 


4720 
4762 


® Ine 4n indicate the diploid and tetraploids of each mint. 


ved rotation in 1-decimeter tube. 


Ketones as 
la}p,° C. Menthone,% 


—34. 6 
+46. 1.6 
+38 2.75 


tom 


1.462 + 0 003 


38.3 


Where nc notation is made the data are for the diploids. 
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Group 
48 
1.4770 
1.4798 
1.4800 
1.4700 —1.60 28 
0 1.4748 —5.20 19. 
0 1.4728 —87.4 69. 
1.4873 —62.6 65. 
0 1.4612 —6.88 25. 
0 1.4842 —38.1 
0 1.4708 —16.3 22 
in 1.4590 —39.0 12.4 
1.4883 —60.1 58.5 
— 55.3 45.6 
—30.0 33.4 
2%+5 
+60.4 31.1 
+65.4° 46.0 
—54.1 56.5 
41.1 
46.2 
—22.17 51.4 
—85.41 47.6 
—90.89 
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Carvone Group 


Compound Test* 
Terpene hydrocarbons Heat 
Ketone DNPH-Y 
Carveol acetate Heat 
Dihydrocaryone DNPH-Y 
Carvone DNPH—Or and UV 
Heat 
Carveol Heat 
Heat 
* VY = yellow; Or = orange 


* Heat test, not DNPH, possibly because of low quantity. 


complexity of the chromatoplate pattern of the oils 
is not at all evident. There is a large group of car- 
vone-containing oils which has associated with the 
carvone other 2-oxygenated-p-menthenes such as 
dehydrocarvone and carveol derivatives. A large 
group of menthone-containing oils also has been 
found. These contain other 3-oxygenated-p-men- 
thanes such as menthol and pulegone. A third 
group consists of those oils which contain little or 
no carvone or menthone. 

The classification of the mints on the basis of the 
classical methods is given in Table II. This is not 
particularly useful for characterization of the oils. 
The values vary somewhat with seasons and cutting 
time, but the results are adequate to show the 
general nature of our oil samples in this respect. 
In a few cases asays of additional samples from 
different years are included to give an idea of the 
variation in assays found. 

The results of chromatoplate inspection of the oils 
are given in subsequent tables. Positive identifi- 
cation of individual constituents cannot be made 
by the technique, but the nature of many of the 
spots was indicated quite definitely. A useful ap- 
proach was to run on a path on one side of the oil 
the suspected material and on the other adjacent 
path the suspected material plus the oil itself in half 
the normal amounts. 

The patterns of the carvone-containing oils are 
similar as shown in Table III. Six constituents are 
readily found in addition to the materials moving 
to the top of the plate and those not moving ap- 
preciably. The absence of materials such as di- 
hydrocarvone in some of the spearmints is due only 
to the fact that not enough oil was chromato- 
graphed to detect the dihydrocarvone. Chromatog- 


IV.—CHROMATOPLATE PATTERNS 


Menthone Group Test 
Terpenes and menthofuran Heat and UV 
Menthone DNPH(Y) 
Cineol Heat 
Pulegone DNPH(Y—Or) 

DNPH 
Heat 
Heat 


* Ultraviolet test also because of heavy concentration. 
6 Ultraviolet test 
© Found only by bromine test. 


UV and DNPH 


Sprcata Spearmint 
M. M. Line | meri- 
niliaca crispa Strain Scotch can Commercial 

OS 97 97 95 96 6 

53 50° 48 48° 53 
45 48 45 42 43 48 
24 33 32 31 31 31 
22 23 23 21 22 23 
14 13 14 15 15 15 


© Slight UV test 
@ DNPH and UV test 


raphy of more material reveals the dihydrocarvone, 
but the carvone and other spots become too large 
for a neat plate. The ketone at R; 0.48-0.53 miss- 
ing in M. niliaca is probably absent for the same 
reason. Table IV shows the constancy of mate- 
rials in the various menthone-containing plants. 
Again the quantities vary widely from low men- 
thone-high pulegone plants, such as M. pulegium 
to high menthone-low pulegone plants, such as M. 
piperita. 

The nature of the constituents of the miscellane- 
ous group oils is now under investigation. The 
chromatoplate patterns are given in Table V. 
It is apparent that it is in this area that the most 
interesting information from a biochemical na- 
ture will be obtained. 

It has been possible to derive additional interest- 
ing information from the chromatoplates. The 
size and intensity of the spots are roughly a func- 
tion of the amount of material present in the oil. 
Thus it has been possible to distinguish among the 
spearmint-odored oils M. Crispa, M. spicata Line 1 
strain, M. niliaca, and Scotch or American spear- 
mints, simply by the ratio of the size of the carvone 
spot to the size of the dihydrocarvone spot. These 
oils are otherwise very similar in their chromato- 
plate patterns. Spearmint has mainly carvone and 
very little dihydrocarvone. The carvone spot is 
much heavier than dihydrocarvone in M. niliaca; 
carvone and dihydrocarvone spots in M. crispa 
are about equal in size; and the dihydrocarvone 
spot is considerably heavier than the carvone spot 
in M. spicata Line 1 strain. This would indicate a 
change in dominance of a factor in the plants leading 
in the direction of carvone or of dihydrocarvone 
synthesis. This may be the same factor which 


F MENTHONE GROUP 


M. spicata, 
T.G. 
M. pulegium M. piperita Japan. strain 
o7 94° 
54 58 60 52 
51 P 
44° 46 51 43 
38 44 
26 32 37° 27 
19 30° 17 
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DNPH 
M. aquatica 


Anise Mint 


M. arvensis 
2n 
97 
57 
46 
39 
26 


19 
M. citrata 


M. gentilis 


M. rotundifolia 


M. sylvestris 
2n 


93 
39 


26 
18 
Br 


@ Spot UV only some of times run. 
+» Gave test with no definite color. 


© Compound names are given only to indicate relative location of the area and not to 


the spot. 
Abbreviations: 


converts pulegone to menthone in the menthone 
series, and breeding work indicated that this may 
indeed be the case. 

Another way in which information can be ob- 
tained from the plates regarding the relative amounts 
of materials is illustrated by pulegone in M. pule- 
gium and M. piperita (peppermint). If the pule- 
gone concentration is high as in M. pulegium the 
spot is visible already in the ultraviolet. However, 
in oils of lower pulegone content, as in peppermint, 
the spot is visible only after spraying with dinitro- 
phenylhydrazine. 

The area above Rf 0.9 has been inspected for only 
a few of the oils. The spots there are produced 
mainly by terpenic hydrocarbons such as pinene 


Intensity of 
Spot 


Heat 
ViBr 


Remarks¢ 


Pulegone area 
Carvone area 


Pulegone area 


Menthone area 
Pulegone area 
Carvone area 

UV on 4n, heat on 2n 


Heavy 
Low 
Heavy 


Low 
UV on 4n, heat on 2n 


Low 
Low 
Heavy 
Heavy 
Streak 


Carvone area (citral?) 


Low Carvone area 


Low 


Low 


Streak 
Heavy 
Heavy 


Not UV on 4n 


Pulegone area 
Not UV on 2n 
UN on IL° Cut only 


Br = brown, Or = orange, R = red, Vi = violet, Y = yellow. 


and limonene. Since there has been no apparent 
distinction among the oils based upon nonoxygen- 
ated monocyclic terpenes, little effort has been 
made to characterize the oils on that basis. There- 
fore, the few materials in this region such as men- 
thofuran which contribute significantly to the oil 
character have not been studied in the early phases 
of this work. 


SUMMARY 


1. A classification of mint oils on the basis of 
chromosome number and predominant ketone 
is given for the oils studied. 
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a TABLE V.—CHROMATOPLATE PATTERNS OF MISCELLANEOUS GROUP 
- 40 Br 
1 x ViBr 
96 x 
92 Br Low 
67 Y 
58 
Or 
42 x 
0 Or Low 
4n 
Br 
52 BrY 
438 Y 
37 
30 x BrR 
| 23 x BrR 
94 
55 Br 
37 Y : 
32 Br 
13 Br 
41 x 
35 
32 x Br 
5 x Or | 
OF x 
57 Vi 
48 Y 
48 x 
29 x Y 
20 x 
| 
97 x Vi 
i4 Vi 
45 x* Y Heavy 
29 Low 
Vi 
Vi Low 
ee sucgcest the compound responsible for 


« 
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2. The Mentha species and varieties have 
been characterized by their specific gravity, re- 
fractive index, specific rotation, and ketone group 
content. 

3. The chromatoplate technique has been 
applied to these oils, and the typical patterns 
of carvone (spearmint type) oils and of menthone 
oils have been given. 


Vol. XLIII, No. 7 


4. Differences between carvone-containing 
oils have been shown on the basis of the chro- 
matoplate results. 
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The Determination of Phenolphthalein in Chocolate 
Preparations by Nonaqueous Titration* 


By SIDNEY DOERNBERG, MAX HUBACHER, and IHOR LYSYJ 


Phenolphthalein can be quantitatively determined by titration in nonaqueous sol- 

vents. A closed system is described which facilitates the procedure and preserves a 

comparatively noncontaminating atmosphere. The method is precise and accurate 
and compares favorably with the gravimetric methoa. 


T= METHOD of titration in nonaqueous sol- 

vents has been successfully applied to a great 
number of different types of compounds. In a 
recent survey, Riddick (1) discusses the theoret- 
ical concepts of the reactions involved and gives 
a comprehensive review of the history and de- 
velopment of this procedure, including an excel- 
lent bibliography. Pifer, Wollish, and Schmall 
(2) have collected a great amount of data on the 
application of this method to the analysis of 
pharmaceutical preparations. They summarize 
the advantages of titration in nonaqueous solvents 
and recommend it for its ‘specificity, solubility, 
simplicity, sensitivity, selectivity, accuracy, and 
precision.” 

The present method for the quantitative de- 
termination of phenolphthalein in chocolate prep- 
arations (3) is accurate but time-consuming. 
The simplicity and convenience of nonaqueous 
titration prompted the investigation of the suit- 
ability of this procedure to the analysis of such 
products. 


EXPERIMENTAL 


Since phenolphthalein in basic solvents develops 
a deep blue color on addition of the titrant, visual 
indicators could not be used. Therefore, a modifi- 
cation of the potentiometric method was tried, as 
proposed by Moss, Elliott, and Hall (4) for the 
titration of phenols in ethylenediamine. 


* Received February 19, 1954, from the Products Control 
Laboratory of Ex-Lax, Inc., Brooklyn, N. Y 

The authors are indebted to Dr. A. Horner for his valuable 
contributions to this paper. 


Ethylenediamine has strongly basic properties 
and has been found to give high and variable blank 
determinations, due to absorption of moisture and 
carbon dioxide. Other solvents, such as dimethyl- 
formamide, ethanolamine, n-butylamine, and ace- 
tonitrile, either by themselves or in combination 
with nonpolar solvents, such as benzene, acetone, 
chloroform, and carbon tetrachloride, were free 
from this objection but presented other difficulties. 
Some of the nonpolar compounds caused erratic 
fluctuations of the scale indicator, while others re- 
duced the sensitivity of the end point. 

Pyridine, on the addition of the titrant, formed a 
precipitate which adhered to the electrodes and ob- 
scured the end point. It was found that a mixture 
of about 15°% ethylenediamine and 85% pyridine did 
not form a precipitate, and gave total potential 


MILLIVOLTS 


TITRANT, ml. 
Fig. 1.—Titration curve for phenolphthalein. 
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breaks of 175 to 200 mv. and sharp indicating breaks 
of about 40 mv. on addition of 0.1 ml. of titrant. 

Apparatus and Electrical System.—The ap- 
paratus for titration, Fig. 2, was designed to func- 
tion as a completely enclosed system, to minimize 
the effects of atmospheric moisture and carbon di- 
oxide. It consists of: 

Reservoir A for titrant, 200 ml. closed on top by a 
14/20 $F hollow stopper with an outlet tube. This 
tube is connected to a T-tube leading to the absorp- 
tion tube G. A perforation in the stopper and a 
groove in the seat permits ingress of dry air when 
filling the buret. The reservoir is connected at the 
bottom by a 12/18 § joint to buret B. 

The stopcock of the reservoir has an outlet spur 
which connects by means of a hose and T-tube to 
the absorption tube G. The plug of the stopcock 
has three holes drilled in such a manner that by 
appropriate positioning: 

(a) The titrant can flow from the reservoir into 
the buret, with the air emerging from the outlet 
spur; or 

(6) Permit ingress of dry air through the spur 
during the titration; or 

(c) Close off the buret entirely. 

Buret B, 10 ml., in 0.02 ml. subdivisions. The 
tip is ground to receive a standard stainless steel 
hypodermic needle (No. 20 or 22) which permits 
close control over the addition of the titrant in small 
increments. The needle is inserted through a neo- 
prene stopper in the center neck of the Grignard 
flask. 

Fisher three-necked Grignard flask C, 250 ml, 
with the two slanted side necks carrying the elec- 
trodes through neoprene stoppers. 

Glass (reference) electrode, D-1, such as Beckman 
No. 4990. 

Antimony (indicating) electrode D-2, such as 
Beckman No. 1283. The fiber sleeve of this elec- 
trode is removed to prevent attack by the solvent on 
the binder and coating. 

Potentiometer E, which may be any direct-read- 
ing pH meter with millivolt scale. 

Magnetic stirrer F, with a magnetized bar en- 
closed in glass or Teflon®. 

Absorption tube G, containing adsorbents for 
carbon dioxide and for moisture. 

Reagents.—Ethylenediamine, anhydrous, 98- 
100%, sp. gr. 0.90; pyridine, 98% minimum, b. p. 
114-115°; ethanolamine, b. p. 168-171°; acetone, 
reagent grade; indicator, made by dissolving 1.0 
Gm. of thymol blue in 100 ml. pyridine. 

The titrant is prepared by dissolving 1.25 Gm. 
of freshly cut metallic sodium in 100 ml. of ethanol- 
amine and diluting with pyridine to 500 ml. This 
solution is standardized against benzoic acid N. B. S., 
by the same procedure used in the titration of phenol- 
phthalein; i.e., the blank is determined by visual 
indicator and the end point is determined potentio- 
metrically. 

Titration of Phenolphthalein.—Five milliliters 
ethylenediamine, 25 ml. pyridine, and 3 drops of 
thymol blue indicator are placed into the Grignard 
flask and the titrant added to the blue end point 
(blank). A weighed sample of phenolphthalein, 
0.01 to 0.120 Gm., is dissolved in the solvent by 
means of the magnetic stirrer. The electrodes of 
the titration system are inserted and the titration is 
resumed. When nearing the end point, the titrant 


Screntiric Epirion 


Fig. 2.—Apparatus for titration and electrical 
system. 


is added in 0.1 ml. increments, noting the potential 
breaks after each addition. The largest break is 
the end point. One ml. of 0.1 titrant is equivalent 
to 0.0159 Gm. of phenolphthalein. 


TABLE I.—PReCISION AND AccurAcY WITH 
PHENOLPHTHALEIN 


Amount Amount 
Weighed, Found, 
mg. mg. 
30.0 30.2 
40.0 40.7 
50.0 49.8 
60.0 60.4 
70.0 69.6 
80.0 79.9 
100.0 100.7 


~ Standard deviation 


100.4 + 0.74 
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Tas_e II.—COoOMPARISON OF GRAVIMETRIC METHOD WITH NONAQUEOUS TITRATION 


Phenol- 


phthalein _————By Gravimetric Method* 
Present, Per Per Cent Recovery and 
% ~ Standard Deviation Cc 
5.00 Of 99.1+1.19 5 
7.00 100.0 + 0.70 6 
10.00 9.97 99.7 + 1.62 10 


“oa Each figure represents the average ‘of 6 determinations 
» Each figure represents the average of 12 determinations. 


Determination of Phenolphthalein in Chocolate 
Preparations.—Analytical Procedure.—Finely grate 
the chilled chocolate sample. Weigh accurately 
into a Gooch crucible, using a thin asbestos mat or 
fritted glass disk, a quantity of sample containing 
80 to 100 mg. of phenolphthalein. Extract 
the fat with three 5-ml. portions of carbon tetra- 
chloride, using slight suction. Transfer the crucible 
to a funnel and attach the funnel by means of a neo- 
prene stopper to the middle opening of the Grignard 
flask. Close one side-neck and connect the other to 
suction. Extract the phenolphthalein with three 
5-ml. portions of acetone, using slight suction. 
Wash the underside of the crucible and rinse the 
funnel. Evaporate to dryness on the waterbath. 
Cool and add to the flask 25 ml. of pyridine and 5 ml. 
of ethylenediamine, and dissolve the residue by 
agitation with the magnetic stirrer. Add three 
drops of indicator and fit the stopper, holding the 
needle-tipped buret, to the center opening of the 
flask. Insert the electrodes through the stoppers in 
the side openings, and adjust the tips so that they 
are 2-6 mm. apart. With the stirrer operating, add 
the titrant slowly to a color change from yellow to 
yellow-green, and read the amount required for this 
blank. Lock the continuous reading button on the 
pH meter and continue the addition of the titrant 
until nearing the end point, as indicated by increas- 
ing potential breaks. Now add the titrant in incre- 
ments of 0.1 ml., and note the largest break between 
additions. This is the end point. The amount of 
titrant used in the blank is subtracted from the total 
amount used, the difference in ml. is multiplied by 
0.0159. The result is the amount of phenolphthal- 
ein present in the sample. 


DISCUSSION 


Phenolphthalein, 3,3-bis( p-hydroxyphenyl )phthal- 
ide, shows only one definite end point break 
on the titration curve (Fig. 1), in nonaqueous sol- 
vents. The reaction takes place in nonaqueous sol- 
vents when two equivalents of the titrant have 
been added to one mole of the compound. This 
indicates the bivalent acidic properties of phenol- 
phthalein, both acidic groups having about the same 
dissociation constant in this type of titration. 

The combination of a basic and a low-polar sol- 
vent proved effective in preventing precipitation 
during the titration, and showed an increase in sensi- 
tivity over single solvents, as demonstrated by 
Pifer, Wollish, and Schmall (5). 


Phenolphthalein 

By Titrimetric 
Per Cent Recovery and 

t Standard Deviation 

00 100.124 1.79 

98 99.7 +0.75 

04 100.42 1.07 


Since pyridine is an excellent solvent for phenol- 
phthalein, it seemed practicable to extract the drug 
with it from the vehicle and titrate directly, without 
the necessity of evaporation. It was found, how- 
ever, that this procedure yielded erratic results with 
obscure end-point breaks. This was probably due 
to the simultaneous extraction of coloring matter 
and tannins. Acetone, also a good solvent for 
phenolphthalein, proved more selective and, on 
evaporation and subsequent solution in the mixed 
solvents, gave sharp end-point breaks. 

The titrant remained stable for about two weeks, 
when stored in the reservoir. It was found advisa- 
ble to restandardize after this period. 

Visual methods of determining the blank of the 
acetone extract gave sharper end points than those 
made potentiometrically. Of the many indicators 
tried, thymol blue proved most satisfactory, with 
the transition from yellow to yellowish green. 


SUMMARY AND CONCLUSION 


1. Phenolphthalein, a widely used laxative, 
can be quantitatively determined by titration in 
nonaqueous solvents. 

2. A closed system is described, which facili- 
tates the procedure, and preserves a compara- 
tively noncontaminating atmosphere. 

3. With the proper selection of solvents, elec- 
trodes and indicator, the method is rapid, ac- 
curate, and convenient. 

4. The precision and accuracy compare 
favorably with the more time-consuming gravi- 
metric method. 

5. An operator can make about twelve de- 
terminations of phenolphthalein in chocolate 
preparations in an eight-hour day. 
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Dehydration Products of o-Thymotic Acid* 


By EDMUND GRANATEK?}# and PAUL JANNKE 


o-Thymotic acid yields a mixture of anhydro compounds when it is treated with 


dehydrating agents. 


Reaction products resulting from the dehydration of the 


acid by phosphorus pentoxide yielded three anhydro derivatives, two of which 
have been reported previously. Thymotides melting at 212°, 174°, and >360° 


are described and physical data for them are given. 


Crystalline acetyl-o-thymotic 


acid (m. p. 104°) and pyridine thymotate (m. p. 115°) were isolated in the course of 


the 


[Fmt products of o-thymotic acid 

have been reported by several investigators 
(1-8). The properties mentioned for the prod- 
ucts are different in each report. Since we were 
encountering these compounds when making 
derivatives of the parent acid, it was thought 
desirable to prepare them so that their properties 
could be observed directly. 

Reports in the literature indicate that the de- 
hydration of o-thymotic acid yields two anhydro 
products which Baker et al. (8), have identified 
as cis-di-o-thymotide (m. p. 207°) and _ tri-o- 
thymotide (m. p. 217° decomp.). The other 
investigators have reported melting points for 
the di-thymotide at various temperatures ranging 
from 204 to 212°. Our compound melted with 
slight sublimation at 212° (Kofler hot stage), and 
the melting point of the sublimate was constant. 
Spallino and Provenzal (2), who regarded the two 
anhydro products to be isomeric, reported that 
the second compound melted at 174°. Baker, 
et al., initially isolated this compound as the 
petroleum ether complex which melted over a 
wide range, beginning at 172°, with dissociation. 
From this they produced the tri-thymotide melt- 
ing with decomposition at 217°. The compound 
which we obtained under comparable conditions 
melted sharply at 174°, with no sign of decom- 
position or loss of solvent. The results of our 
elementary analysis and molecular weight de- 
terminations indicate the compound to be a 
di-thymotide. 

Baker, et al. (9), report that the thymotides 
could be hydrolyzed only by concentrated aque- 
ous sodium hydroxide, but they proceed to de- 
scribe the hydrolysis of their tri-thymotide by 
10 per cent alcoholic potassium hydroxide. 
Spallino and Provenzal hydrolyzed the di-thymo- 
tide (m. p. 209°) with both sulfuric acid and alco- 
i * Received August 21, 1953, from the University of 
Connecticut, College of Pharmacy, Storrs, Conn. 
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holic potassium hydroxide. Other investigators 
(5, 6), and we too, found the thymotides very 
difficult to hydrolyze under any conditions. 

From the yields of the thymotides isolated and 
the amount of unreacted thymotic acid recovered, 
one could conclude that other dehydration prod- 
ucts of the acid might be formed. The conven- 
tional acid anhydride, monoester, ether, and 
ether-ester configurations are among those pos- 
sible. Some of these retain acidic functional 
groups. Elementary analyses and molecular 
weight determinations will not differentiate be- 
tween all of these compounds, and it is possible 
that their melting points lie quite close together. 
This may account in part for anomalous reports 
on the properties of these compounds. 

Our work was concerned with the preparation 
of dehydration products of o-thymotic acid under 
a variety of conditions and with the isolation of 
as many different anhydro products as possible. 
Dehydrating agents used included oxaly! chloride, 
phosphorus oxychloride, acetic anhydride, thiony] 
chloride, and phosphorus pentoxide. The results 
obtained with the latter three only are reported 
here. In each instance, the anhydro products 
melting at 174° and 212° were obtained. Ele- 
mentary analyses, molecular weights, and crys- 
tallographic data for them are reported. The 
phosphoric acid fraction of the phosphorus pen- 
toxide reaction mixture yielded a third dehydra- 
tion product (m. p. in excess of 360°), and the 
presence of a fourth dehydration product was 
suggested by virtue of its solubility, but it could 
not be isolated since it was readily hydrolyzed 
to o-thymotic acid. 

In the course of the experiments, crystalline 
acetyl-o-thymotic acid (m. p. 104°) and pyridine 
thymotate (m. p. 115°) were isolated. Previous 
investigators (4, 8) reported acetyl-o-thymotic 
acid to be an oily liquid. 


EXPERIMENTAL 
Dehydration with Acetic Anhydride.—Ten Gm. 


of o-thymotic acid was refluxed on an oil bath for 
five hours with 12.5 Gm. of acetic anhydride. The 
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reaction product was isolated as an oil, n*4{} = 
1.5334. Attempts to induce crystallization of the 
oil as such, and from solution in a variety of solvents, 
failed. The neutralization equivalent, 237, com- 
pares with the molecular weight for acetyl-o- 
thymotic acid (mol. wt. 236). 

The alcoholic solutions from the neutralization 
equivalent determinations were acidified with dilute 
HCl, and after standing for several days colorless 
needle-shaped crystals separated. They melted at 
104° (bath preheated to 95°) and caused no depres- 
sion of the melting point of an authentic sample 
of the ester. The physical properties of the ester 
were first reported by Sondern (10). 

It is apparent that the dehydration anticipated did 
not occur since the reaction product was completely 
soluble in NaHCO, solution, indicating the presence 
of an unaltered carboxyl group. 

Dehydration with Thionyl Chloride.—Ten grams 
of o-thymotic acid in dry benzene was refluxed for 
three hours with 3.6 Gm. of thionyl chloride. Fol- 
lowing the removal of the solvent and the excess 
of the reagent, a crystalline residue remained. It 
was shaken continuously for about twelve hours 
with 30 cc. of 25% aqueous pyridine solution. An 
oil which remained insoluble was resolved by alcohol 
into 0.1 Gm. of di-thymotide (m. p. 212°) and 6.0 
Gm. of o-thymotic acid. 

The aqueous pyridine solution, upon concen- 
tration, yielded a crystalline mass which was ob- 
tained as white, flattened needles from boiling water 
(m. p. 115°). This was shown to be pyridine 
thymotate, a compound easily prepared by dissolv- 
ing thymotic acid in 25% aqueous pyridine with the 
aid of gentle heat, and allowing crystallization to 
occur. 

Dehydration with Phosphorus Pentoxide.—Fifty 
grams of o-thymotic acid in 250 cc. of dry xylene was 
heated on a boiling water bath while a slurry of 
50 Gm. of P.O, in dry xylene was slowly added, the 
mixture being stirred constantly. After one-half 
hour, 30 Gm. additional reagent was introduced, 
and heating was continued for four hours. After 
cooling, the supernatant liquid was decanted from 
the viscous layer of phosphoric acid. 

Recovery of the xylene by distillation left a crys- 
talline residue which was digested with 5% NaHCO; 
solution. Dehydration products containing free 
carboxyl groups should have been isolated by this 
step, however only unreacted thymotic acid was 
recovered, and this to the extent of 58%. The 
residue from the bicarbonate treatment was digested 
at moderate temperature with 5% NaOH solution 
to separate any dehydration products containing a 
phenolic hydroxyl group. Acidification of the fil- 
tered aqueous solution yielded a precipitate which 
was identified as o-thymotic acid. The appearance 
of the acid at this point indicates that there was 
formed in the dehydration process an anhydro com- 
pound, readily hydrolyzed by dilute alkali. 

That portion of the reaction mixture which was 
insoluble in bicarbonate and unaffected by caustic 
alkali was extracted with 200 cc. of boiling alcohol 
which, upon cooling, yielded 5.0 Gm_ of colorless 
needles of the di-thymotide, m. p. 212°. Yield 


Anal—Calcd. for C, 75.0; H, 
6.82. Found: C, 74.74; H, 6.74. Mol. wt. 346.9 
(Rast). 
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n’3, a = 1.558; y = 1.570. In parallel polarized 
light the extinction was parallel and the sign of 
elongation negative. In convergent polarized light 
interference figures were rare and the optic sign 
was positive.’ 

The alcohol-insoluble residue was digested with 
two 400-cc. portions of boiling ligroin, and when the 
combined solutions were cooled, rhombic crystals 
formed, m. p. 174°; yield 11.2%. 

Anal.—Caled. for [CiwHi2COs |e: 
6.82. Found: C, 75.3; 
(Rast). 

n>, a = 1.560; y = 1.598. In parallel polarized 
light, the extinction was parallel and the sign of 
elongation negative. In convergent polarized light, 
optic axis figures were shown and the optic sign was 
positive.' 

The low yields of dehydration products prompted 
the examination of the phosphoric acid residue. 
Careful dilution with water produced a precipitate 
which was recrystailized from hot alcohol, yielding 
1.4 Gm. of di-thymotide, m. p. 212°. 

In a subsequent run of the dehydration reaction, 
only 40% of unreacted thymotic acid was recovered. 
The yield of the anhydride melting at 212° was 21%, 
and that melting at 174° was 18%. In this instance, 
the digestion of the reaction mixture with caustic 
alkali was omitted. In addition to a quantity of 
the di-thymotide, m. p. 212°, the phosphoric acid 
residue yielded 0.77 Gm. (1.54%) of a white, amor- 
phous substance which was insoluble in both hot 
ligroin and hot alcohol. It was purified by dis- 
solving it in hot dioxane from which it separated in 
the amorphous state. It yielded no test for phos- 
phate, left no residue on ignition, and was insoluble 
in water. It discolored, but did not melt when 
heated to 360°. 

Anal.—Caled. for C, 75.0; H, 
6.82. Found: C, 76.3; H, 6.18. Mol. wt. could 
not be determined because of poor solubility in 
solvents commonly employed. 


C, 75.0; H, 
H, 6.78. Mol. wt. 366 


SUMMARY 


1. o-Thymotic acid was dehydrated in a vari- 
ety of ways, yielding three or possibly four an- 
hydro products, two of which have been reported 
previously. 

2. The third one (and fourth) and pyridine 
thymotate are reported here for the first time. 
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Speculation on DPN as a Biochemical Precursor of 
Caffeine and Trigonelline in Coffee* 


By R. E. KREMERS+ 


Qyeceareen about the origin of the purine 

alkaloids, e. g., theobromine and caffeine, 
have often pointed to the close structural rela- 
tionship between them and the purine bases of 
the nucleic acids. For example, Czapek (1) 
stated that “. . . it is an almost obvious thought 
that the purine derivatives which occur free in 
animal and plant bodies, such as uric acid in 
animals and the methylxanthines in plants, are 
genetically related to the nucleic acids.’ Al- 
though purine metabolism has been studied re- 
peatedly in animals, much less is known about 
what takes place in plants. Consequently it 
seemed worthwhile to consider whether the com- 
position of green coffee beans (sceds) affords 
any clue to the origin of the cafieine they contain 
(2). The data suggested the speculation that both 


A. Hydrolysis of the pentose—N bonds. 


> 
| / 
HsP.0; CONH: 


-C—N 


B. Removal of NH; 


CONH:, 
Nicotinamide 


+H,O— 


Adenine 


* Received October 2, 1953, from the Institute of Paper 
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caffeine and trigonelline may have a common 
origin in diphosphopyridine nucleotide (DPN) 
(coenzvme-I). 


METHOD 


Recent improvements in the assay methods for 
trigonelline and caffeine have provided more reliable 
figures for the amounts of these bases in green coffee 
(3, 4). Values considered representative of two 
“mild” (Colombia, Guatemala) and one Brazilian 
(Santos) coffees are tabulated as gram weight per 
cent and as mole per cent (See Table I). 

The circumstance that roughly equal molecular 
fractions of caffeine and trigonelline occur in the 
mild coffees recalled the fact that adenine and nico- 
tinamide are units of the DPN structure. More- 
over, a remarkably similar set of reactions can be 
postulated for the derivation of caffeine and trigo- 
nelline from DPN, namely: 


+ HOH 


> 


CONH, 
Nicotinamide 


+ HOH 
NH,C=N 
Adenine 


CsH 


| COOH 
| 

J 

‘N 


Nicotinic acid 
HN—C=O 


| 

HC —NH 
| | \ +NH; 
| | 


| 
N—C—N 
Hypoxanthine 
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. 
a 
HN-C—N 
HC | HC | 
| 
N—C CH H 
NH.—C=N 
HC C—NH 
| \ +H.0— 
| | CH 
| 
N—C—N 
| 
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C. Oxidation 


Nicotinic acid 


HC C—NH 


+() ——» 


CH 


O 


| 
| 


Hypoxanthine 


D. N-methylation 


COOH 


Nicotinic acid 


Xanthine 


In support of this scheme, it can be said that all of 
the reactions indicated, except the methylation of 
xanthine, are known to be carried out by enzymes 
(5, 6). However, methylation must be a common 
reaction in plants. Consequently the absence of an 
established parallel need not be a conclusive objec- 
tion; rather it should be an incentive to learn more 
about plant methylation mechanisms. The parallel- 
ism between the reactions leading to caffeine and 
trigonelline could be completed by assuming that 
the pyridine ring was present initially in reduced, 
i. e., dihydro-form. 

The above speculations invite other questions: 
Is the association of caffeine and trigonelline pecul- 
iar to the coffee bean, or does it occur in other 


AMOUNTS OF CAFFEINE AND TRIGONEL- 
LINE IN Corree BEANS 


Taste I 


Caffeine, Trigonelline, 
we. % Wwe. 


Coffee Variety 


Columbia 1.15 0.96 
Guatemala 1.15 1.01 
Santos 0.96 1.22 
Mole, Ratio 
Mole, Mole, Trig. /Caffeine 
Columbia 0.59 0.70 1.19 
Guatemala 0.59 0.74 1.25 
Santos 0.50 0.90 1.80 
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C—NH o=C 
| 
CH CH 
HN—C—N 
Xanthine 


\N 
| 


CH, 
Trigonelline 


Caffeine 


plants? Is the difference in the trigonelline-caffeine 
ratio in mild and in Santos coffee due to genetic, en- 
vironmental, or horticultural influences? Do en- 
zymes, like their substrates, at times undergo irre- 
versible chemical change? If so, to what extent does 
this require modification of accepted concepts of en- 
zymatic catalysis? In this connection reference 
may be made to the statement that “auxin itself is 
used in one of the many reaction wheels that lead to 
the synthesis of new protein” (7), and to the finding 
that in muscle, the contractile protein myosin is 
itself the enzyme which liberates from adenosine- 
triphosphate the energy needed to bring about its 
own contraction (8). And finally, is the need for a 
regular vitamin intake in animals due to a trans- 
formation of enzymatic material? 
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The Uptake of C“ From Carboxyl-Labeled Sodium 
Acetate by Digitalis purpurea L.* 


By E. H. DJAO and H. W. YOUNGKEN, Jr. 


Radioactivity measurements of Digitalis plants following hydroponic feedings of 

C** carboxyl-labeled sodium acetate indicate that root tissues accumulate carbon in 

significant amounts (about 10 per cent) in a twelve-hour period but that C'* ac- 

cumulating in the leaves in the same period is proportionally very low and does 

not ex about 1.8 per cent in a ten-day growth period. Data are also presented 
to indicate residual and respired carbon from the same isotopic source. 


T UPTAKE and role of acetate in plants has 

been reviewed by Burris (1) and others 
(2-4). It is well known that a 2-carbon acid 
plays an important role in the organic acid cycle 
of plant and animal metabolism. Brady and 
Gurin (5) have shown that a 2-carbon fragment, 
possibly acetic acid, could be utilized in the bio- 
synthesis of steroids in animals. However, the 
specific role of this acid and its salts in Digi- 
talis metabolism has not been shown. Tsao 
and Youngken (6) have studied the effects of 
various acetate feedings on Digitalis growth and 
glycoside production during which severe toxic 
effects of high concentrations of sodium and po- 
tassium acetate (0.01 M and 0.04 M) were de- 
scribed. 

In view of the importance of acetate as a plant 
metabolite and the indications by others that it 
is used in biosynthesis, such as of carbohydrates, 
fatty acids, and steroids, the role of carbon from 
acetate for such purposes needs to be elucidated. 
Geiling, et al. (7), have shown the utilization of 
carbon from carbon-14 labeled carbon dioxide 
in the production of the Digitalis glycoside, digi- 
toxin. As a preliminary step in the study of 
acetate function in Digitalis it was therefore 
deemed important to investigate the uptake and 
utilization of acetate carbon-14 by Digitalis with 
the use of a tracer technique. 

This report deals with the quantitative 
measurements of carbon-14 from carboxyl-labeled 
sodium acetate in the roots, leaves, residual cul- 
ture solutions, and respired carbon dioxide of 
Digitalis purpurea grown under hydroponic cul- 
ture conditions. 


MATERIALS AND METHODS 


Digitalis purpurea plants about 8-10 cm. in height 
and 110 days old which had been grown in soil were 
transplanted into 1.5-L. bottles (one plant per 
bottle) for hydroponic culture under greenhouse 
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conditions. The outer surface of all culture bottles 
had been previously painted with black and alumi- 
num paints in order to exclude light during plant 
root growth. The mineral nutrient solution em- 
ployed for culture consisted of a half strength solu- 
tion of the same modified Hoagland solution reported 
by Tsao and Youngken (8) for Digitalis hydroponic 
growth. Previous growth experiments in this 
Laboratory have indicated that full strength Hoag- 
land solution occasionally resulted in a chlorotic 
effect in Digitalis leaves due probably to the precip- 
itation of ferric or other ions. The culture solution 
was changed frequently so that a fresh solution was 
supplied to the roots every week for about six weeks. 
When the leaves (petioles included) were about 250 
cm. in height, plants were made ready for feeding 
with radioactive sodium acetate. This consisted of 
carbon-14 carboxyl-labeled sodium acetate obtained 
from the Department of Chemistry,' University of 
California, and from the Atomic Energy Commis- 
sion, Oak Ridge, Tenn. 

A specific quantity (to be described below) of 
this material was diluted with enough nonradioactive 
sodium acetate in each experiment to provide a 
dosage of 10 mg. of acetate per liter of culture solu- 
solution. This represented a total moiety of about 
0.00012 M sodium acetate which was found not to be 
toxic to the plant growth. This molar concentra- 
tion, but with different activity in several instances, 
was fed to each plant in culture solution. 

The leaf and root materials, after being collected, 
were rapidly dried in a current of forced circulating 
air at temperatures of from 85 to 100° F. (29-38° 
C.) in a laboratory dryer, weighed, and ground to a 
No. 60 powder for analysis. Roots had been 
washed repeatedly with fresh water in order to 
remove any extraneous material prior to drying. 

Aliquots of powdered leaf material (50 mg.) 
were oxidized by a wet combustion method (9) and 
the carbon dioxide absorbed in a standardized 0.25 
N barium hydroxide solution containing 2% barium 
chloride. The excess of barium hydroxide was 
titrated with 0.12 N hydrochloric acid, so that the 
total amount of barium carbonate could be cal- 
culated. In the case of the powdered root material, 
since preliminary findings with this showed very high 
radioactivity, varying smaller aliquots were em- 
ployed and these were diluted with appropriate 
amounts of nonradioactive organic substances such 
as glucose or cholesterol. This was then treated 
in the same manner as the leaf powder. The barium 


‘Grateful acknowledgment is made to Dr. Wm. G. 
Dauben, Professor of Organic Chemistry of the University 
of California, who kindly furnished some of the carbon-14 
labeled acetate for this study. 
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carbonate precipitate in each instance was repeatedly 
washed with alcohol, and aliquots were then homo- 
genized, and plated on copper disks. Radioactivity 
measurements were made by the use of a windowless 
flow counter with an automatic scaling unit, and 
self-absorption was corrected. 

The radioactivity of the culture solution was 
measured by introducing aliquots into the combus- 
tion flasks. After diluting with nonradioactive 
sodium acetate, and neutralizing with sodium 
hydroxide, samples were evaporated to dryness 
under reduced pressure, combusted, and counted in 
the same manner as for the powdered plant material. 
The percentage recovery of carbon-14 in the plant 
material was then determined by dividing the total 
activity counts per minute found in these by the 
total activity counts per minute of the original cul- 
ture solution to which the radioactive acetate had 
been added. 

Uptake of Acetate Carbon-14 by Leaves and 
Roots.—Fourteen plants which had reached about 
250 em. in length and were 110 days old were ar- 
ranged for this experiment. These were divided 
into lots so that material could be collected for radio- 
activity measurements at the end of 12, 24, and 48 
hours and at the end of 5, 10, and 15 days. All 
plants were fed once with 100 ye. of carbon-14 in 
10 mg. of sodium acetate. This amount was dis- 
solved in 1 L. of culture solution for each plant 
and all feedings were made at approximately the 
same period. Results of the radioactivity measure- 
ments made are shown in Table I. 
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Since during the following five days leaf activity 
decreased, it was concluded that maximum utiliza- 
tion of the acetate carbon-14 used in this experiment 
took place during the first ten days of the treatment 
period. All treated and control plants showed no 
toxic effects during the entire experiment from the 
carbon-14 labeled acetate and nonradioactive ace- 
tate employed. 

Several control plants, not treated with radio- 
active sodium acetate, were grown in culture bottles 
and placed among those of the treated plants. 
These did not show any detectable radioactivity 
when analyzed during the same period of harvest. 
This eliminated the possibility that some of the 
carbon-14 found in leaf materials from treated 
plants might come from the reabsorption of respired 
carbon-14 under the conditions of the experiment. 

Periodical Feeding, Using Divided Doses of 
Radioactive Acetate.—As a result of this experi- 
ment a second series of plants of approximately 
the same size and age were arranged for measuring 
the uptake of acetate carbon-14 from more frequent 
radioactive feedings under similar conditions but 
over a ten-day period. It was thought that by this 
plan more activity might be accumulated in the 
leaves. One group of two plants were given 50 ue. of 
carbon-14 in 10 mg. of sodium acetate the first day; a 
second group (three plants) were fed 10 ue. per day 
for five consecutive days; and the third group 
(three plants) were each given 10 yc. every other 
day (5 doses) for the ten-day period. Thus, every 
plant received a total of 50 wc. in ten days. These 


I 
Total me 
Radio 
Activity — -—Leaves —- 
Supplied, Dry Total, 
cpm we cpm 
Period 108 Gm x 108 
12 Hr. 1.6 3.91 3 


24 Hr. 


48 Hr. 


The results shown in Table I show that a sig- 
nificantly greater amount of carbon-14 accumu- 
lated in the root portions of Digitalis than in the 
leaves during the first twelve hours after feeding. 
Following this period (in twenty-four hours) root 
carbon-14 activity decreased sharply whereas leaf 
carbon-14 increased steadily during the next ten 
days of growth. However, in fifteen days no 
equilibrium had been reache between the two and 
root activity remained somewhat greater than leaf 
activity. The greatest leaf carbon-14 activity 
measured 1.81% in ten days and at this period root 
activity had decreased from about 9.9 to 4.17%. 


Radioactivity (Carbon-14) Recovered per Plant 


5 Days 1.5 4.00 15. Av. 1.08 0.94 6.11 Av. 4. 
10 Days 1.5 4.22 27.2 Av. 1.81 0.97 6.25 Av. 4. 
15 Days 1.5 3.03 17.4 1.16 0.61 4.83 3. 
1.5 3.50 20.: 2. 

1. 2 


—- ——Roots 
Dry Total, 
Recovery, wt, c p.m. Recovery, 
% Gm. x 106 % 
0.08 0.79 12.84 8.08 


10.18 


were then collected on the tenth day. Results of 
radioactive carbon-14 measured in each are shown 
in Table II. 

The results in Table II show that periodical 
feeding with divided doses did not significantly 
improve the uptake of carbon-14 in leaf material, 
as compared with a single feeding. 

In view of the small percentage of carbon-14 
detectable in root and leaf materials as previously 
shown an effort was then made to account for the 
general differences between the amounts of carbon- 
14 fed to plants in culture and the amounts detect- 
able in the leaves and roots. Residual culture solu- 


% 
0.11 0.70 16.29 
0.33 0.69 18.41 11.50 
F Av. 0.17 Av. 9.90 . 
1.5 2.21 5.4 0.36 0.51 6.32 4.21 - 
" 1.5 2.70 5.5 0.37 0.50 3.74 2.49 
wi Av. 0.37 Av. 3.35 
ey | 1.5 2.37 15.1 1.01 0.49 5.72 3.82 
ae 1.5 1.94 14.8 0.99 0.35 6.27 4.18 
7 O7 
17 
87 
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TaB_Le II.—PeriopicaL Feepinc, Ustnc Divipep Doses or CarBon-14 TAGGED ACETATE IN DIGITALIS 


—Leaves 
Total, 


Activity 

Supplied, 

cpm. xX 
10° 


6.32 


6.32 


Av. 


6.32 
6.32 
6.32 
6.32 4.78 


6.32 5.20 
6.32 6.23 


Av. 


e Group A Plants given 50 ye. in one dose on the first day 
Group B 


Group C— Plants given 10 ge. every other day, five doses. 


tions and the respired carbon-14 dioxide of addi- 
tional series of plants were analyzed for this pur- 
pose. 

Carbon-14 Retained in Residual Culture Sol - 
tion.—Three plants were each fed 20 yc. of carbon 
14 in 10 mg. of sodium acetate as previously de 
scribed. After twelve hours, the plants were re 
moved and the roots were washed with water. The 
washing water was added to the culture solution 
and the total volume made up to 1 L., and wel! 
agitated. Two milliliter aliquots from each bottle 
were then measured for carbon-14 activity. Radio- 
activity recovered was 66.2, 50.9, and 59.6% 
respectively, or an average of 58.9%. From these 
results it was apparent that a significantly large 
amount of the acetate carbon-14 was not taken 
up by plants during the first twelve hours of feeding. 
Furthermore it could be surmised that even in a 
ten- to fifteen-day treatment period a large propor- 
tion of activity remains in the culture. However, 
analysis of residual culture solutions from the latter 
period of treatment was not undertaken. 

Carbon-14 Released as Carbon-14 Dioxide.— 
Three plants were each supplied with 1 yc. of carbon- 
14 in 10 mg. of sodium acetate in culture solution. 
A very small amount of radioactive acetate was 
employed in this experiment because a large activity 
was anticipated in the carbon dioxide collected. 
In order to measure this properly it must be kept 
within limits of convenient counting. Plants were 
immediately sealed under glass laboratory bell jars 
following treatment. Each bell jar was arranged 
so that one inlet tube was connected with an ab- 
sorption tube containing ascarite and a bubble 
trap containing barium hydroxide solution. An out- 
let tube was led to a bubble trap containing a 
standardized solution of barium hydroxide and this 
was connected to suction (see Fig. 1). When the 
suction was turned on, carbon-dioxide-free air was 
admitted into the bell jar through the inlet tube. 
The gases inside the bell jar were then flushed 
through the outlet tube and carbon dioxide was 
absorbed in the standardized barium hydroxide 
solution. The barium carbonate precipitate was 
used for the measurement of radioactivity. Open- 
ings and tubes were provided on the lid of the cul- 


Radioactivity (Carbon-14) Recovered per Plant 


Recovery, 


o, at 
10 Days 


1.44 
1.08 


SENS 


| 


Plants given 10 we. per day for the first five consecutive days 


Fig. 1.—-Experimental arrangement for collecting 
acetate carbon-14 in the released car dioxide 
from Digitalis plants. A.—Inlet duct. B.—Out- 
let duct. C.—Carbon-14 dioxide collection trap. 


ture bottle for ventilation. Thus carbon-14 dioxide 
released from leaves, roots, and the culture solution 
was collected. The experiment was made in a room, 
so that illuminated and dark periods could be con- 
trolled for twelve-hour periods during a total of 
sixty hours. During the illuminated periods, car- 
bon dioxide was collected for a fifteen-minute period 
per hour; for the dark periods, it was collected for 
about twenty minutes at the end of each dark 
period. 

Table III shows the data of carbon-14 dioxide 
collected as barium carbonate for each twelve-hour 
period. It can be seen that greater respiration took 
place during dark periods and that in both periods 
a significant amount of carbon-14 was respired in 
terms of the 1 we. employed. Further, a similar 
amount of carbon-14 was liberated during the com- 
parable periods, i. e., the three light periods yielded 
about the same amount of carbon-14 and the two 
dark periods yielded about the same amount. 

At the end of the 60th hour, only the leaves were 
collected and assayed for radioactivity as before. 
The per cent recoveries of radioactivity in the three 


|| 
PURPUREA 
Radio 
Dry Dry Total, Recovery, 
Wt. cpm Wt., c. p. m. %, at 
Group Gm. x 10° Gm. x 106 10 Days 
: A’ | 4.28 9.07 0.84 2.46 3.89 
7 5.72 6.85 1.22 2.43 3.85 
Av. 3.87 
4.53 0.81 2.94 4.65 
5.06 0.92 3.29 5.21 
6.87 0.97 2.18 3.45 
Av. Av. 4.44 
a 6.56 0.79 5.76 9.12 
5.64 0.87 5.54 8.77 
6.10 0.76 5.45 8.63 
Av. 8.84 
= 
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Taste or CaRBON-14 RELEASED AS REsPIRED Droxipe IN LiGut AND Dark PERIODS 


Radioactivity Supplied to Each Plant | 26 x 106 cp m 


plants were: 4.0, 4.0, and 3.3 (average 3.8%). 
As these plants showed a much higher carbon-14 
recovery than any other plant previously treated, 
there was evidence that some reabsorption of carbon- 
14 dioxide took place in plants treated under these 
conditions. 

A study was then made of the carbon-14 released 
as carbon dioxide from the air zone inside the culture 
bottle such as due to root respiration and/or bac- 
terial activity in the solution. This was measured 
as follows: Wax was used to seal completely the lid 
of the bottle and the opening on the lid where the 
plant was admitted to it. Inlet and outlet tubes, 
similar to those for the previous experiment, were 
provided through the lid so that the respired carbon 
dioxide could be collected in a barium hydroxide 
solution. This experiment was carried out for 
twelve hours in daylight. The inside of the bottle 
however was dark. Three plants were used for the 
experiment, each supplied with 1.23 X 10° c. p. m. 
radioactivity. Per cent recoveries of radivactivity 
as carbon-14 dioxide from the culture air zones were 
3.7, 3.4, and 2.5 respectively, or an average of 3.2%. 
These results indicate that a large proportion of 
the respired carbon-14 dioxide found to be released 
at a twelve-hour period in the previous bell jar 
experiment came from the area of the culture solu- 
tion. They indicate that a significant amount of 
carbon-14 from acetate is lost due to the factor of 
root respiration and/or activities taking place 
within the acetate culture solution. 

The data representing the _measurements of 
carbon-14 activity at the end of a twelve-hour period 
for leaf, root, culture solution, and respired carbon- 
14 dioxide are relative. However, under the condi- 
tions of such an experiment when the amount of 
acetate carbon-14 employed and the different time 
increment that existed must be adjusted so that 
counting measurements could be properly used, 
approximately 72°, of the radioactive carbon fed 
could be accounted for as shown in Table IV. It 
is obvious that most of this resided in the culture 
solution at the end of a twelve-hour period. 

This study is being continued and the analysis 
of acetate carbon-14 present in the glycosides of root 
and leaf materials grown under the same conditions 
will be reported later 


Barium 


3.770 0.30 


Average total detectable amount respired, % 12. 


Taste IV.—Summary Data SHOWING RELATIVE 

DISTRIBUTION OF ACETATE CARBON-14 IN ALL 

EXPERIMENTS FOLLOWING 12-HouR FEEDING 
PERIODS 


Distribution 


Residual culture solution 

Respired CO, (light period). . . 

CO, collected from air zone 
TOTAL 


SUMMARY 


Radioactive sodium acetate with carbon-14 
labeled in the carboxyl group was fed to Digitalis 
purpurea plants in culture solution and the car- 
bon-14 uptake measured under several conditions. 

In a twelve-hour period a significantly greater 
amount (9.9 per cent) of carbon-14 accumulated 
in the root than in the leaves (0.17 per cent). 
Following this period root carbon-14 decreased 
slowly whereas leaf carbon-14 increased during 
ten days of growth. However, in fifteen days no 
equilibrium between the two was reached and 
root carbon-14 remained somewhat greater. The 
greatest leaf carbon-14 from the acetate source 
measured 1.81 per cent in ten days. 

Greatest amountsof acetate carbon-14remained 
during the same periods in residual solutions and 
respired plant carbon dioxide. Data for these 
are reported. A concentration of sodium ace- 
tate 10 mg. per liter (0.00012 M) was found to 
be nontoxic for Digitalis purpurea feedings in 
contrast to higher concentrations which have 
been previously reported. 

Studies of Digitalis glycoside and carbohydrate 
carbon-14 uptake under the same conditions are 
being continued and will be reported subse- 
quently. 


hie 
Light Carbonate 
ba Period, or Plant Collected, Total, Recovery, Average, ; 
a ua Hr Dark No mg cp. m. G% % 
oe 0-12 Light 1 4.1 2,583 0.21 0.27 
2 4 3,834 0.30 
Mis 3 3 2,922 0.23 
Re 12-24 Dark l 108 91,000 7.22 5.95 
3 as 2 121 84,540 6.71 
3 80 49 ,370 3.92 
24-36 Light l 3 2,318 0.18 0.28 
J 2 4 2,642 0.21 
3 4 3,950 0.31 
36-48 Dark 76 59,170 4.70 5.59 
2 82 64,830 5.15 
3 89 87,490 6.94 
qe 48-60 Light 1 2. 2,459 0.20 0.23 
3 3 
27 
| | 
Per : 
Cent 
3 72.44 | 
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A Study of Growth Effects Induced in Cultures of 
Claviceps litoralis Kawatani* 


By S. K. SIM and H. W. YOUNGKEN, Jr.t 


The comparative growth of Claviceps litoralis on two artificial media is described. 
Sclerotium-like tissue which developed under these conditions possesses pigmenta- 
tion and microscopic arrangement similar to the C. = pana phn ergot stage but no sig- 


nificant alkaloid formation could be detected. Base 


on this pm y and a comparative 


examination of pigmented and nonpigmented zones of official ergot the authors sug- 
gest that no direct correlation exists between pigmentation in Claviceps and alkaloid 
production by this fungus. 


GROWTH of the ergot fungus 
Claviceps purpurea (Fries) Tulasne has 
been successfully effected in artificial culture by 


various workers (1-9) and such cultured my-— 


celium has been found by many to contain little 
or no alkaloids, in contrast to the natural sclerot- 
ium of the fungus which is the source of the ergot 
alkaloids. The formation of the sclerotial tissue 
in culture has been reported by Kirchhoff (2), 
Bonns (1), and Abe (9, 10), while McCrea (3) con- 
tended that it was not true sclerotium but 
“‘pseudo-sclerotium.’’ Michener and Snell (6) 
have suggested that the division of hyphae into 
short cells and the occasional enlargement of 
these cells in their cultures was a preliminary step 
toward sclerotium formation in culture. In our 
studies (11), of several different strains of 
C. purpurea in liquid and agar cultures, we have 
not been able to observe the formation of 
“sclerotia’’ or pseudoparenchymatous tissue sim- 
ilar to that of natural sclerotium with respect to 
the size and shape of the tissue cells or the 
sclerotial pigment. In the course of investigat- 
ing the alkaloid biogenesis in the ergot fungus, we 
have also employed cultures of certain species of 

* Received August 21, 1953, from the University of Wash- 
ington College of Pharmacy, Seattle, Wash. 

esented to the Scientific Section, A. Pu. A., Salt Lake 

City meeting, August, 1953. 
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Claviceps other than C. purpurea. Claviceps 
litoralis Kawatani (12) was one such species used. 
The isolation, pathogenecity on various grasses, 
and the alkaloid contents of the natural 
sclerotium of this species have been reported by 
Kawatani (13). This report describes (a) the 
formation of sclerotial tissues and pigment in 
cultures of this Claviceps species with the relation- 
ships existing between these factors and the status 
of alkaloid biosynthesis; and (+) pigmented and 
relatively nonpigmented zones of the natural rye 
sclerotium (ergot) with relationship to alkaloids 
found in these tissues. 


EXPERIMENTAL 


Culture Method.— The sclerotium, obtained from 
Dr. T. Kawatani of the Government Hygienic 
Laboratory, Tokyo, Japan, was dipped in alcohol for 
one to two seconds, and the inner tissue was dis- 
sected out and planted on to sterilized agar slants of 
the composition used by McCrea (3). In about ten 
days, a mycelium mat began to spread on the agar 
surface in much the same manner as in the case of a 
similar use of C. purpurea sclerotial tissue. From 
time to time, usually about once every four to five 
weeks, transfers were made from these slants to 
fresh agar, and these then served as stock cultures. 

Experimental cultures were made by inoculating a 
liquid medium, by means of an inoculating needle, 
with the mycelium from the stock culture agar slant. 
Two liquid media were used: (a) a yeast extract- 
peptone medium (5), and (>) a yeast carbon base 
modified as described in Table I. 
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Taste I.—Mopir1ep Yeast Carson Base Mepium 


Yeast carbon base (Difco®). . . . 0.50 
Ammonium sulfate added 0.40 
Maltose (Difco®). .. .. 5.00 


Water, to make 


The yeast carbon base, supplied by the Difco 
Laboratories, is based on the medium developed by 
Wickerham (14, 15) for use in typing yeasts. It 
contains minute amounts of seven trace elements 
(B, Cu, KI, Fe, Mn, Mo, Zn), minute quantities of 
nine vitamins, and three amino acids (histidine, 
methionine, and tryptophane), four salts (KH,PO,, 
MgSO, NaCl, and CaCl), and 85% dextrose. 

The culture flasks which contained 100 ml. of 
inoculated media in 500-ml. Erlenmeyer flasks were 
continuously shaken at room temperature (20-24°) 
on a reciprocal mechanical shaker operating at a 
speed of 144 strokes per minute. After seven days 
of shaking, cultures were taken off the shaker and 
allowed to stand for a further period as described 
below. 

Growth Characteristics.—During the shaking 
period and the first few days of the standing period 
following shaking, the growth appeared as grayish 
white pellicles. Then, purplish black pigmented 
tissue began to appear after six to seven days of 
standing in the case of the cultures in the yeast 
extract-peptone medium. On the other hand, in 
the case of the modified yeast carbon base cultures 
this pigment did not occur until after twenty-six to 
twenty-eight days of standing. In both media, 
after a further period of one to two weeks, nearly all 
of the tissue in the flask became so pigmented (Fig. 
1). As this process was going on, small areas of 
new growth in the form of grayish white mycelium 
at the surface of the liquid medium continued to 
appear. These in time also turned purplish black. 

When examined under the microscope, this pig- 
mented tissue showed a considerable number of 
rounded cells scattered among the hyphae, whereas 
the grayish white tissue showed only hyphae with 
practically no rounded or pseudoparenchymatous 
tissue cells. These rounded ovate and enlarged 
cells are interpreted to be in a stage of incipient 
sclerotium formation, if not actually ‘“‘sclerotial” 
tissue. The shape and size of these cells very much 
resembled those of the tissue cells of the ergot 
sclerotium (16) although their arrangement was not 
as compact as the latter. To match the compact- 
ness of the natural sclerotium, these cultured pseudo- 
parenchymatous cells or ‘‘sclerotia’’ would have to 
develop into a compact, more solid mass. In a 
liquid medium where these mycelial cells become 
scattered, the physical state of the culture surface 
does not lend itself adequately for sclerotia forma- 
tion, quite like the ovarian structure of the rye in- 
florescence. However, the pigmentation and fur- 
rowed nature of the sclerotial tissue which appeared 
in our cultures in other respects resembled those of 
the rye source quite markedly. A comparison of 
the microscopic appearance of the pigmented and 
the nonpigmented tissues in these cultures is shown 
in Figures 2A, B, and 3A, B. 

Sclererythrin Test.—The harvested pigmented 
tissue was lyophilized, and 50 mg. of the dried tissue 
was then used for the sclererythrin identity test such 
as employed for ergot, N. F. (17). A pinkish violet 
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Fig. 1.—‘‘Sclerotial tissue”’ formation in a culture 
of Claviceps litoralis grown on a yeast extract- 
peptone medium; growth 21 days. Scale in centi- 
meters, X 1. 


color was obtained, the color being similar to that 
shown by 50 mg. of powdered ergot similarly tested. 

Tests for Alkaloids.—The spent culture liquid 
and the lyophilized tissue material were each ex- 
tracted with ammoniated ether and then shaken 
with portions of 1% tartaric acid solution essentially 
in the manner described for the assay of ergot of the 
British Pharmacopoeia 1948 (18). Two flasks with 
cultures grown on a yeast extract-peptone medium 
and which had been developed after seven days of 
shaking followed by thirteen days of standing, 
yielded 992 mg. of dry tissue. Of this, 942 mg. was 
extracted to give a final tartaric acid solution of 40 
ml. The spent liquid from these flasks (124 ml.) 
was extracted into 50 ml. of final acid solution. 
The dry tissue, 377 mg., from three flasks of cultures 
in the modified yeast carbon base medium after 
seven days of shaking followed by sixty-three days 
of standing, was extracted into 40 ml. of final acid 
solution. The spent liquid from these flasks, 214 
ml., was extracted into a final acid solution of 50 ml. 
In each case, one ml. of the final acid solution when 
tested with 2 ml. of the solution of p-dimethyl- 
aminobenzaldehyde test reagent did not give the 
blue color reaction of the ergot alkaloids. Also, 1.5 
ml. of each of these extracts, when tested on isolated 
rabbit uterus strip in a 50-ml. bath by the Broom 
and Clark method (19), did not inhibit the epineph- 
rine contraction as would be expected with the 
ergotoxine type of ergot alkaloids. Nor did these 
extracts give the ergonovine response when similar 
amounts of extracts were employed for testing on 
rabbit uterus strips after the method of Swanson, 
et al. (20). 

Results of these tests clearly indicate that the 
strain of C. litoralis produced pigmentation and a 
“sclerotium”™ formation similar to that reported by 
some (1-3, 9) for other strains of Claviceps. How- 
ever, since no ergot alkaloid formation could be 
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Fig. 2.—Photomicrographs of tissue formation in yeast extract-peptone cultures of Claviceps litoralis. 
A. Rounded and ovate cells of pigmented “‘sclerotial tissues’; B. Nonpigmented mycelial strands in same 


culture. X 430. 


_ Fig. 3.-Photomicrographs of tissue formation in a modified yeast carbon base medium of Clavicefs 
litoralis. A. Rounded and ovate cells of pigmented “‘sclerotial tissues”; B. Nonpigmented mycelial strands in 


same culture. X 1000. 


detected under these conditions of growth, there 
appeared to be no correlation between sclererythrin 
and/or sclerotial development and alkaloid forma- 
tion in C. litoralis grown under these artificial culture 
conditions. 

As mentioned above, various reports in the litera- 
ture have shown that the alkaloid biosynthesized by 
the ergot fungus in culture is very small in quantity 
as compared with that of the natural rye ergot. 
Also, the formation of a true sclerotium (ergot) 
tissue in culture does not appear to have been clearly 
established. Since pigmentation and sclerotia de- 
velopment are either absent or very slight in culture 
growth and the alkaloid formation follows the same 


pattern with respect to C. purpurea cultures, the 
question arises as to whether high alkaloid content is 
or is not associated with the formation of highly pig- 
mented tissue in the natural rye ergot. An experi- 
ment was then undertaken to determine such a 
difference by comparing the alkaloid content of 
cells from the outer, more highly pigmented layer, 
with those from the inner, largely nonpigmented 
portions of the sclerotia (ergot) from the natural rye 
source. 

Comparison of Alkaloid Contents of Outer and 
Inner Tissues of Natural Ergot.—The outer pig- 
mented layer of ergot sclerotia (i. e., of C. purpurea) 
obtained from a commercial sample was removed by 
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careful shaving with a knife. The inner tissue left 
behind, though not entirely devoid of any trace of 
pigment, was gray-white in color and significantly 
devoid of pigment from a visual observation. How- 
ever, a faint pink color was observed upon perform- 
ing the sclererythrin test. The outer pigmented 
tissue and the inner tissue were each reduced to 
No. 40 mesh powder. In each case 5 Gm. of the 
powder after defatting with petroleum ether was 
extracted with ammoniated ether and the ether 
extract shaken with portions of 1% tartaric acid 
solution, essentially in the manner of assay for total 
alkaloids of ergot of the British Pharmacopoeia 1948 
(18). The final tartaric acid solution in each case 
was assayed colorimetrically by reacting with the p- 
dimethylaminobenzaldehyde (Van Urk) reagent. 
The optical density was then read at 590 my in a 
Beckman Model DU spectrophotometer and re- 
ferred to a standard curve plotted with the use of 
ergotoxine ethanesulfonate in 1% tartaric acid and 
the same test reagent. The results of 15 such 
determinations are listed in Table II. 


Taste II.—ALKALotmp CONTENTS OF OUTER PicG- 
MENTED TISSUE AND INNER TISSUE OF ERGOT 
SCLEROTIUM 


Total Alkaloids as mg 
Ergotoxine per 100 Gm. of 
Tissue Material 
Outer Tissue Inner Tissue 


195 


197.2 mg. 130.3 mg. 
Standard deviation of 
the mean +0.97 +0.68 


Standard deviation = + — 


DISCUSSION 


The works of Bonns (1), Kirchhoff (2), and 
McCrea (3) indicate that the formation of sclerotium 
or pseudosclerotium occurred only when the Clavi- 
ceps culture slowly dried up. In cultures of several 
strains of C. purpurea previously grown in our lab- 
oratory on liquid media by a similar regime of shak- 
ing and nonshaking periods, we did not observe any 
sclerotial tissue formation (11). However, under 
the same conditions the species C. litoralis appeared 
to be capable of forming ‘‘sclerotial tissue”’ in liquid 
culture relatively easily as has been described in this 
report. 

Abe (9, 10) reported that, in his Claviceps cul- 
tures, alkaloids (mainly agroclavine) were produced 
only when there was sclerotial tissue formation. 
Reports by Michener and Snell (6), Tyler (21), and 
our own experience (11), with several strains of C. 
purpurea in which alkaloids were not biosynthesized 


in culture conditions, may perhaps be interpreted as 
indirect support for Abe's conclusion. On the other 
hand, the absence of alkaloids in the “‘sclerotial” 
tissue in our cultures of C. literalis seems to indicate 
that alkaloid production by the Claviceps may not 
necessarily be associated with sclerotial tissue 
formation. It should be noted that Kawatani (13) 
found the alkaloid content of the natural sclerotium 
of C. litoralis to be from 0.85 to 1.16%, which is four 
to five times that of ergot N. F. 

Although the outer pigmented layer of the C. 
purpurea sclerotia from the rye source used in our 
analyses contains some 50% more total alkaloids 
than the inner tissue, the latter still contains a con- 
siderable quantity (0.13%) of alkaloid. This 
would further indicate that the presence of alkaloids 
is not necessarily associated with the presence of the 
sclerotial pigment. 


SUMMARY 


The growth characteristics of C. litoralis 
Kawatani grown in two liquid culture media have 
been described. The formation of pigmented 
“sclerotium”’ tissue after a regime of shaking 
followed by a nonshaking period is reported. 
The pigmented tissue gave the sclererythrin test 
but was found to contain no ergot alkaloids, by 
chemical and biological tests. 

The outer pigmented tissue and the inner 
largely nonpigmented portion of natural rye ergot 
(C. purpurea) sclerotium were both found to con- 
tain alkaloids, the former having some 50% more 
than the latter. 

It is suggested on the basis of these findings 
that no direct correlation exists between total 
sclerotial (ergot) pigmentation and alkaloid pro- 
duction in Claviceps. 
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Tablet Coatings: Cellulosic High Polymers* 


By DALE W. DOERR, E. R. SERLES!, and DWIGHT L. DEARDORFF$ 


Hydroxyethyl cellulose and sodium carboxy- 

methyl cellulose are — as alternatives 

for sugar coating tablets. The coatings offer 

uced cost of labor, material, and transpor- 

tation as well as a protective coating with de- 

sirable appearance, which exhibits recessed 
emblems. 


T= USE of synthetic materials as an alterna- 
tive for sugar coatings on medicinal tablets has 
been investigated. Most commercial tablets are 
sugar coated, including enteric coated tablets 
which are finished off with sugar coats. This 
makes sugar coating of tablets of considerable 
importance in the pharmaceutical industry. 

As an illustration, a large pharmaceutical 
house manufactures coated tablets which repre- 
sent at least 60 different formulations. More 
than 50 per cent of these are enteric coated. 

In recent years there has been a continued in- 
crease in the number of coated tablets introduced 
into the market of medicinal products. There 
are several reasons for the upswing in their popu- 
larity. Some of these are, according to Clark- 
son (1), Maney and Kuever (2), and Thompson 
and Lee (3), the ability of coatings to mask and 
seal off unpleasant odors and tastes, as well as 
protect the tablets against atmospheric condi- 
tions. Coating makes a variety of colors pos- 
sible in addition to improving the appearance. 
Enteric coatings are produced to resist the re- 
lease of the drug in the gastric area and to de- 
liver the medication to the intestinal tract for 
optimum disintegration in the duodenum or 
jejunum (4). 

Without considering enteric coating, there are 
four basic steps in the procedure of sugar coat- 
ing according to Clarkson (1). They are in 
order of their sequence: base or subcoating, 
smoothing the subcoating, application of colored 
coating or finishing coating, and polishing coat. 
Rowell (5), Stokes (6), Colton (7), and White (8) 
all describe these coatings in much the same 
manner and sequence although they may com- 
bine two of the steps and enumerate only three 
basic procedures. 


* Received August 21, 1953, from the Departm:;t of 
<< nemo College of Pharmacy, University of Illinois, 
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Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953. 

This paper is based on a portion of the thesis submitted 
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of Illinois in partial fulfillment of the requirements for the 
degree of Master of Science. 

; Instructor in Pharmacy, University of Illinois. 

{Dean of the College of Pharmacy, University of 
Illinois 
" § Professor of Manufacturing Pharmacy, University of 
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The nature of the sugar coating requires a 
gradual build-up of several dozen coats over the 
edges to increase the strength of the crystalline 
material. Clarkson (1) states that the finished 
tablets have a volume approximately 50 per cent 
greater and a weight double that of the uncoated 
tablets. 

There are certain basic drawbacks of sugar 
coatings that need study and improvement. The 
most significant is probably the lengthy coating 
process. The process sometimes takes as long 
as sixty hours from the beginning to the polished 
finished product (1). 

Most of the reasons for sugar coating tablets 
could be satisfied with just a few coats if a suit- 
able coating could be found. It was felt that 
hydroxyethyl cellulose and sodium carboxy- 
methyl cellulose would satisfy this need. In 
addition, many tablets now produced uncoated 
might well utilize a protective coating if the 
process could be reduced in time and costs. 

Use of a thin coating would also allow tablets 
that have recessed emblems and grooves to be 
coated and still have their markings well de- 
fined. 


EXPERIMENTAL 


The method of applying the coating solutious 
was the same ladling operation as used in conven- 
tional sugar coating. The coating pan and air 
supplies were much the same as might be used in 
any small-scale coating operation. A prime coat on 
the tablets was necessary prior to the application of 
the experimental cellulosics. 

Materials... The experimental cellulose deriva- 
tives were hydroxyethy! cellulose (CZ) low viscosity 
and sodium carboxymethy! cellulose (CMC) low 
viscosity used as 5% solutions in 50% v/v alcohol. 
The prime coat used was confectioner’s glaze (ar- 
senic-free shellac) reduced from 5 Ib. to 3 Ib. with 
alcohol. The wax polishing solution was the for- 
mula as suggested by Rowell (5), containing white 
beeswax (0.9% w/w) and carnauba wax (1.8% w/w) 
in carbon tetrachloride. The tablets coated were 
starch-lactose placebos (weighing 0.25 Gm. from 
standard concave punches and a 11/32 inch die)! 
and a variety of scored and emblem-bearing com- 
pressed tablets. 

Prime Coating.—The prime coat was applied to a 
double batch size (example: placebos 7,600 Gm. 
and scored 1'/s-grain phenobarbital tab!ets 76 Gm.) 
in three applications of 225, 175, and 150 cc. with 
drying intervals between applications of approxi- 
mately four minutes without forced air and the 
pan rotating, and ten to fifteen minutes with forced 
air and intermittent rotation of the pan. The shel- 


! In part suppiied by Abbott Laboratories, 
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lacked tablets were placed on trays for drying with 
forced air in a drying closet without heat for two 
hours. 

Example of Cellulosic Coating.—One-half of the 
above shellacked tablets were coated with five 
coats of the CZ solution. Each application was 
40 ce. and was dried between coats for four to five 
minutes without hot air and up to one minute with 
hot air (130° F.). The hot-air drying was ter- 
minated when the movement of the load changed 
abruptly from tumbling to sliding in the pan. The 
CZ-coated tablets were then aged at room tempera- 
ture on trays for four hours. 

Polishing..-The wax coats were applied in five 
portions decreasing from 20 cc. down to 5 cc. with 
time between applications increasing from two up 
to five minutes. 


EVALUATION TESTS ON EXPERIMENTAL 
COATED TABLETS 


U. S. P. Tablet Disintegration Test.—The U. S. P. 
disintegration method and prescribed device (9) 
were used to determine the disintegration of the 
tumbled and screened uncoated placebos in com- 
parison with tablets coated with CZ and CMC. 

The mean disintegration times were approxi- 
mately thirty seconds for the uncoated placebo 
tablets and CMC-coated tablets, and approximately 
fifty seconds for CZ-coated tablets. 

Controlled Humidity and Temperature Test.— 
A chamber with temperature and humidity controls 
was used for this controlled condition study. The 
temperature was set at 105° F. and the relative 
humidity was established at 90% by maintaining a 
dewpoint at 101. These values were maintained to 
within 1% for a period of one week except for very 
short intervals when the chamber was opened to 
remove or replace the trays containing the samples. 
Due to the large volume of the chamber (400 cu. ft.) 
the values were readjusted to control figures within 
five minutes after opening and closing the chamber. 

Samples of a variety of commercial sugar-coated 
tablets and tablets coated with CZ and CMC were 
subjected to these conditions. 

After nineteen hours most of the tablets that 
were to be affected by the humidity had begun to 
show increasing deterioration. At the end of one 
week the commercially coated tablets were partially 
dissolved. 

The cellulosic coated tablets all appeared to have 
been unaffected, except that they were more easily 
broken than before they were subjected to the high 
humidity. At no time during the test were the 
cellulosic coatings observed to be soft or tacky. 

Samples of uncoated placebos as well as a number 
of uncoated commercial tablets were also subjected 
to these conditions of humidity and temperature 
and were observed to have a powdering of the sur- 
face of the tablets. Exceptions were sodium bro- 
mide and potassium chloride tablets that became 
dissolved during the test as well as certain glandular 
and vegetable drug tablets that became soft pasty 
masses. 

Aging Tests.._Samples of CZ- and CMC-coated 
tablets were placed in tightly capped flint glass 
bottles and stored (10, 11) at room temperature and 
constant temperatures of 45, 10, and —5° C. with 
no apparent changes in the tablets for a period of 
over six months. 
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Samples were also stored in flint and amber glass 
bottles under conditions of intermittent sunlight, 
heat, cold, and vibration. The only noticeable ef- 
fect was a slight fading of the color of the coating 
on the exposed side of the tablets in the flint glass 
bottle beginning at six weeks. 

Durability Test.—Samples of different com- 
mercially coated and CZ- and CMC-coated tablets 
were put in flint glass French square bottles placed 
in a mechanical shaker. These samples were in- 
spected at intervals during a two-hour shaking 
period. 

There was progressive wear upon all of the tablets 
until at the end of two hours the coatings were 
powdering on all tablets. CZ- and CMC-coatings 
exhibited the least deterioration, the only effect 
being slight wearing of the edges. Some of the 
commercially coated samples showed up to 50% 
chipping and others had their color coating com- 
pletely powdered off. 

Infrared Heat Test..-This test was devised to 
determine the effect of extreme heat from infrared 
lamps on tablets coated with CZ and CMC as com- 
pared with a variety of commercially sugar-coated 
tablets. Samples of each type of coating were ex- 
posed to radiation from infrared lamps and ob- 
servations made during a period of eight hours. 

At the end of eight hours the cellulosic coatings 
appeared to be unaffected except that the exposed 
sides of the tablets were faded with a slightly 
scorched appearance. 

After ten minutes coatings were cracking on some 
of the commercial tablets and at the end of five 
hours all commercial tablet coatings were either 
melting or severely cracked and blistered. 


RESULTS AND DISCUSSION 


A few colored coats of CZ and CMC were ap- 
plied to shellac-primed tablets followed by wax 
polishing. The process required not more than 
one and one-half hours’ working time and not more 
than six hours’ aging time, hence not more than 
about eight hours’ total time, and is relatively in- 
expensive in regard to labor costs. As another time- 
saving feature, the cellulosic coatings may be ap- 
plied in the pan used for shellacking without clean- 
ing the shellac from the pan. Estimates of time for 
classical coating made by workers in the field range 
from eight to eighteen hours’ working time and up 
to sixty clock hours. 

This process does not require subcoating or the 
production of rounded tablets in the usual manner 
due to the tough amorphous nature of the syn- 
thetic film formers. The resulting tablets retain 
substantially their original shape. Experimental 
batches were compared with commercially coated 
products by a mechanical shake test and both ex- 
perimental coatings were more durable than those 
of any commercial products tested. 

The process added little to the tablets’ weight 
(approximately 3%) or volume, hence they were 
much lighter and smaller than if they had been 
coated in the conventional manner. This would 
lead to substantial reduction in cost of coating mate- 
rial and of container, in container size and weight, 
storage space, and in shipping costs. As compared 
with conventional sugar coatings the weight varia- 
tion among finished coated tablets is decreased 
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when the amount of coating is reduced as in this 
process. 

The coated tablets are smooth and polished and 
can be described as retaining the original tablet 
shape and design. The process permits the coating 
of tablets which have grooves and lends itself to 
the coating of tablets which display other recessed 
emblems. In some cases it may be necessary to coat 
the tablets to protect against moisture, or it may be 
desirable to make tablets more elegant by means of 
coating, yet still retain ease of subdivision. The 
use of recessed emblems as well as characteristic 
colors would aid in establishing product and manu- 
facturer’s identity. 

The process shows promise of sealing-in unpleasant 
odor and taste and giving protection against mois- 
ture. It will cover undesirable tablet appearance in 
many cases. The cellulosics are protective col- 
loids and their compatibility with the usual FD & C 
certified colors should make a wide variety of colors 
possible. 

The process may have a place as an alternative 
for sugar coating of tablets for both regular and 
enteric use. It may serve as a finish coat for sugar- 
coated tablets and as a protective coat for some 
tablets now produced uncoated. 

Evaluation of the cellulosics by fhe various 
methods utilized indicated that the cellulosic coat- 
ings fared better than the conventional coatings 
they were compared with. 

The disintegration times on the tablets tested 
were ail very short. Stephenson and Smith (12) 
and Howard (13) in their examination of sugar- 
coating disintegration times for commercially 
coated tablets recommended that the British Phar- 
maceutical Codex standards should allow at least 
thirty minutes beyond the normal disintegration 
time of the corresponding uncoated tablet but never 
longer than two hours. 

In the light of this information the disintegra- 
tion time for the experimental tablets is noteworthy 
in that the difference averaged twenty seconds or 
less between the coated and uncoated tablets. 

The conditions established for the controlled 
humidity and temperature test were extreme for 
the purpose of accelerating the effects of humidity 
and temperature. 

The results of this study indicate that the experi- 
mental cellulosic coatings are superior to sugir 
coatings under these conditions, and in addition 
they may be used to protect certain usually uncoated 
tablets from powdering under high humidity and 
temperature, during filling and packaging, as well as 
during transportation as exemplified in the mechani- 
cal durability test. 

Some of the described conditions for aging are 
used by the pharmaceutical industry as an index 
to the probable response to the longer normal shelf 
life of their products. By these indices the cellu- 
losics appeared to be stable. 


SUMMARY AND CONCLUSIONS 


1. Coatings of cellulose derivatives reduced 
the working time to one and one-half hours and 
the total time of processing to about eight hours 
as compared to much longer times required by 
sugar coatings, thus reducing labor cost. 
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2. The equipment used for the experimental 
process and materials did not require changes 
from that used for conventional coatings. 

3. The experimental product is smooth and 
polished and retains substantially the original 
tablet size, shape, and weight variation. This 
facilitates packaging and reduces the cost of 
materials and of transportation. 

4. The process permits the production of 
colored coated tablets retaining grooves and 
emblems for purposes of subdivision and iden- 
tity. 

5. The coated tablets should satisfy the 
reasons for coating tablets such as those per- 
taining to odor, taste, protection, and appearance, 
as well as enhance the ease of swallowing the 
tablets. 

6. The process is suggested as a possible al- 
ternative for sugar coating tablets for both 
regular and enteric use, as well as a protective 
for tablets now used uncoated, including indus- 
trial reagent tablets. 

7. According to the U. S. P. test, the disin- 
tegration time differences averaged twenty sec- 
onds or less between the uncoated and cellulosic- 
coated tablets. The disintegration time for the 
uncoated tablets averaged approximately thirty 
seconds. 

8. Under controlled conditions of high humid- 
ity and temperature, the cellulosic coatings were 
superior to sugar coatings. They did not be- 
come soft or tacky at any time, while the sugar 
coatings became discolored and partly or wholly 
dissolved. 

9. The experimental coating will protect cer- 
tain tablets which may be marketed uncoated 
from surface powdering during filling, packaging, 
transportation, and under high humidity and 
temperature conditions. 

10. The cellulosic coatings have been stable 
to a variety of aging tests used by the pharma- 
ceutical industry as an index of probable product 
shelf life. 

11. The cellulosic coatings withstood infra- 
red heat and a durability test better than any of 
the commercial coatings compared with them. 
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The Reaction of Procaine Hydrochloride with 
Sodium Formaldehydesulfoxylate* 


By W. R. HARDIE, A. R. WILLIAMS, I. F. HALVERSTADT, and 
FREDERICK F. JOHNSON 


Aqueous solutions of procaine hydrochloride containing sodium formaldehydesul- 
foxylate as a preservative are not stable to heat sterilization as measured by the U. S. P. 
XIV method of assay for procaine. A condensation product of these two chemicals 
was synthesized and found to be a stable crystalline water-soluble zwitterion with the 


formula The com 


und exhibits no local anesthetic activity and 


no acute toxicity in high doses. 


I’ THE PREPARATION of aqueous procaine hy- 
drochloride solutions in which sodium form- 
aldehydesulfoxylate was included as a preserva- 
tive, it was noted that the heat-sterilized solutions 
contaized less than the expected quantities of 
procaine as measured by the U. S. P. XIV assay 
method (1). The assay depends upon extraction 
of the free procaine base by chloroform and does 
not measure procaine derivatives soluble in alka- 
line aqueous solution. 

A review of the literature indicated that sodium 
formaldehydesulfoxylate reacts with p-amino sul- 
fonamides in glacial acetic acid (2), in ethanol (3), 
in water (4, 5), and with 4,4’-diaminodiphenyl- 
sulfone in glacial acetic acid (2, 6), or alcohol (7). 
One probable course of these reactions is a con- 
densation between amino groups and the hy- 
droxymethy! of the formaldehydesulfoxylate with 
the splitting out of water: 


R-—-NH, + HOCH,SO,Na 
R-—NHCH,SO:Na + H,O 


where R is the aromatic group. The resulting 
compounds are water soluble and moderately 
stable. It seemed possible that the aromatic 
amino group of procaine could condense with 
sodium formaldehydesulfoxylate to form the 
sodium p-(2-diethylaminoethoxycarbony])-ani- 
linomethylene sulfinate which might exist as the 
sodium salt, free acid, or zwitterion. 


* Received December 28, 1953, from the Research Division, 
Cutter Laboratories, Berkeley, Calif 

The authors are indebted to Dr. John Hidalgo for the 
pharmacological work and to J. C. Murchio for the ultra 
violet spectral data 


EXPERIMENTAL 
Analysis of Procaine Solutions.— Procaine hydro- 


chloride was prepared as a 1.0% solution in dis- 
tilled water with sodium formaldehydesulfoxylate 
and other additives, as shown in Table I. All solu- 
tions were adjusted to pH 5.5 to 5.8 with dilute 
hydrochloric acid and those to be heat-sterilized 
were placed in 100-ml. glass ampuls and autoclaved 
at 100° for ninety minutes. Assays for procaine 
were performed by the U.S. P. XIV method, and the 
results are shown in Table I. 


Taste I.—Assays or 1.0 Per CENT PROCAINE 
HYDROCHLORIDE SOLUTION 


-Procaine Found, %— 


No, Additives Heated Unheated 
1 None 0.98 0.98 
2 0.05% NaFS* 0.82 0.98 
3 0.50% NaFS 0.27 0.77 
4 0.05% NaFS 0.86 % 


0.10% NaHSOo, 
0.60% NaCl 


* Sodium formaldehydesulfoxylate 


The procaine hydrochloride solution No. 1 was 
not significantly altered by the heat treatment, but 
there was a decided drop in measurable procaine 
concentration after heating in the presence of 0.05% 
sodium formaldehydesulfoxylate. The pH value of 
the solutions uniformly dropped to 4.1 during the 
heat treatment. 

Isolation of a Condensation Product. Nine 
grams (0.033 mole) of procaine hydrochloride, 
U.S. P., 5.3 Gm. (0.034 mole) of sodium formalde- 
hydesulfoxylate (Rohm and Haas), and 100 ml. iso- 
propanol were refluxed for seven hours. A gela- 
tinous mass formed from which the solvent was 
decanted. After ten days at 5°, 2.2 Gm. of crystals 
were collected from the supernatant (m. p. 165-180°) 
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and were recrystallized from methanol with a yield of 
1.1 Gm., 10% of theory (m. p. 182-183°, uncor- 
rected). The same compound was obtained in ap- 
proximately the same yield when the condensation 
was run in water instead of isopropanol, and the prod- 
uct was isolated by removing the water at reduced 
pressure and recrystallizing the residue from meth- 
anol. After four recrystallizations from methanol, 
the extremely hygroscopic product was dried to con- 
stant weight in the open air, requiring seven days. 

Anal.—Caled. for the zwitterion 
O: C, 47.98; H, 7.48; N, 7.99; S, 9.15. Found: 
C, 48.88; H, 7.04; N, 7.95; S, 9.00. 

On drying in vacuum at 78° for four hours, the 
weight loss was 9.8% compared with a calculated 
10.3% for 2 moles of water of crystallization. A 
sample of the dihydrate was titrated with sodium 
hydroxide and the titration curve showed an inflex- 
ion at pH 11, from which the equivalent weight was 
estimated to be 352 + 6. The calculated molecu- 
lar weight is 350. The compound was hydrolyzed 
with baryta and 58% of the calculated amount of 
8-diethylaminoethanol was recovered by steam dis- 
tillation and isolated as the picrate salt. The fol- 


lowing structure was assigned to the condensation 
product: 


It dissolves readily in water to form a neutral solu- 
tion. It is quite stable in the dry state but de- 
velops a garlicky odor. 

Ultraviolet Absorption Spectra...The optical 
density data were obtained on a Beckman DU 
spectrophotometer. The optical density scale was 
standardized by Bureau of Standards methods and 
the frequency scale was calibrated from hydrogen 
spectral lines. The solutions were prepared to con- 
tain 10 mg. of procaine or of condensation product 
per liter, adjusted to pH 4.5 with dilute HCl, and 
were measured in l-cm. quartz cells using a maxi- 
mum slit width of 0.5 mm. A blank of distilled 
water was adequate since the ingredients other than 
procaine were transparent throughout the observed 
spectrum. 

In Fig. 1, curve A is the absorption spectrum of 
an unheated solution of procaine hydrochloride 
(with sodium formaldehydesulfoxylate, sodium bi- 
sulfite, and sodium chloride, No. 4, Table I) diluted 
1,000 times to contain 10 mg. procaine per liter, and 
curve B is the absorption spectrum of the same solu- 
tion diluted after heat sterilization. The procedure 
which was used to obtain the data of curve A was 
repeated except that the pH of the procaine solution 
was adjusted to 9.5 for five minutes to simulate the 
alkalinity resulting from the chloroform extraction 
step of the assay, and the resulting absorption curve 
(not shown) was nearly identical with curve A. 
The absorption peak at 289 my (8) characteristic of 
procaine, was not significantly altered by heat or 
alkalinity, in contrast to the low value obtained in 
the assay shown in Table I When the chloro- 
form-extracted ammoniacal aqueous solution ob- 
tained during the U. S. P. assay of the same heat- 
sterilized procaine solution (containing 0.05% 
sodium formaldehydesulfoxylate) was evaporated to 
dryness at reduced pressure and then diluted to 100 
times its original volume, it exhibited the absorption 
spectrum of curve C. This shows a decided shift of 
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230 949 250 ono 270 og9 290 go9 310 320 330 340 
WAVE LENGTH, mag 
Fig. 1.—Absorption spectra of procaine hydro- 
chloride solutions. A—Absorption spectrum of an 
unheated solution of procaine hydrochloride, diluted 
1,000 times. B—Absorption spectrum of the same 
solution diluted after heat sterilization. C—Ab- 
sorption spectrum of chloroform-extracted am- 
moniacal aqueous solution. 


the peak to 305 my and reveals the presence of a 
substance soluble in the spent aqueous phase with 
an absorption spectrum similar to that of procaine 
p-Aminobenzoate would have caused the peak to 
shift to 271 my (8) 

Figure 2 shows the absorption spectrum of the con- 
densation product prepared as described in the pre- 
ceding section. The curve, with a peak at 303.5 
my, corresponds closely in shape and position to 
curve C of Fig. 1, the material present in the spent 
aqueous solution after chloroform extraction. The 
molar extinction coeflicient was calculated to be 
25,500 at 303.5 mpg. Assuming that the height of 
curve C in Fig. 1 is entirely due to the zwitterion 
condensation product, it was calculated that about 
40% of the procaine not found by assay of the sterile 
solution containing procaine and sodium formalde- 
hydesulfoxylate could be accounted for in the spent 
aqueous extract. 

Pharmacology.— The sodium salt of the condensa- 
tion product was dissolved as a 2.0% solution in 
water and tested for local anesthetic activity in the 
rabbit cornea. There was no observable local 
anesthesia. The compound also showed no observ- 
able acute toxicity when administered intravenously 
in mice in doses up to 1.0 Gm. per Kg., or in rabbits 
in doses up to 0.5 Gm. per Kg. 


DENSITY 


OPTICAL 


= 


210 999 230 940 250 960 270 og9 290 300 3 10390 330 340 350 
WAVE LENGTH, mu 
Fig. 2.-Absorption spectrum of the condensation 
product. 
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SUMMARY 


1. There is a considerable reduction in pro- 
caine content during the heat sterilization of pro- 
caine hydrochloride solution in the presence of 
small quantities of sodium formaldehydesulfoxy- 
late. 

2. A condensation product of procaine and 
sodium formaldehydesulfoxylate was prepared 
and characterized by analysis and ultraviolet ab- 
sorption. The compound exists as a zwitterion, is 
stable in the dry form, and is water soluble. 


Vol. XLIII, No. 7 


3. The compound is of low toxicity and devoid 
of local anesthetic activity. 
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Antimolding Agents for Syrups" 


By CLIFTON F. LORD, Jr.,t and WILLIAM J. HUSAt 


The antimolding effects of more than two hundred substances were determined 

using mycophil agar inoculated with microorganisms from deteriorated syrup. 

Many of these substances were found to equal or exceed the effectiveness of benzoic 

acid and esters of p-hydroxybenzoic acid. Certain flavoring and perfumery materials 

were found to possess antimolding properties. In comparison with benzoic acid 

which was effective at a concentration of 1: 1,000, cinnamic aldehyde was effective at 
1: 10,000, and oxyquinoline sulfate was effective at 1:100,000. 


which have deteriorated due to growth 
of molds, yeasts, or bacteria usually exhibit 
evidences of fermentation, turbidity, precipita- 
tion, moldy odor, and a change in taste. The 
purpose of the present investigation was to study 
the effect of chemical preservatives upon the 
microorganisms which cause deterioration of 
syrups. Using an accelerated test method, more 
than 200 chemicals, volatile oils, and synthetic 
flavoring agents were evaluated in regard to their 
preservative effects, particularly as antimolding 
agents. 
EXPERIMENTAL 


The materials used were obtained from reputable 
manufacturers or distributors. 

The antimolding effect of each substance was de- 
termined in a medium of mycophil agar which was 
particularly favorable for the growth of molds. The 
agar was seeded with molds occurring in a deterior- 
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ated syrup and comparisons were made of the growth 
of the molds with and without the addition of the 
substances which were being added for antimolding 
effects. The details were as follows. Mycophil agar 
was prepared as directed in the Baltimore Biological 
Laboratory Manual (1) and distributed into clean 
dry Pyrex culture tubes. The tubes were plugged 
with bleached cotton pledgets and sterilized in an 
eight-quart pressure cooker at 12 lb. steam pressure 
for twenty minutes. Ten per cent alcoholic dilu- 
tions (w/v in the case of solids and v/v for liquids) 
were prepared of each substance to be tested and 
portions of these dilutions were used to facilitate the 
measuring and mixing of the substances being tested. 
By means of a sterile pipet, 0.4 cc. of the 10% alco- 
holic solution was placed in a sterile Petri dish using 
aseptic technique. To this solution in the plate were 
added 16.6 cc. of melted mycophil agar cooled to 
approximately 40° and 3 cc. of contaminated simple 
syrup. The simple syrup containing microorgan- 
isms had been placed earlier in culture tubes 
in the desired quantity so that the syrup could be 
readily added to the plate at the same time as the 
medium. Once the three components were within 
the plate, they were mixed by a side-to-side and ro- 
tating motion for several seconds. The materials 
were considered sufficiently mixed when all evidence 
of striations in the mixture had disappeared. The 
plates were allowed to stand on a level surface until 
the agar congealed. When the agar had solidified 
the plates were placed in an incubator thermostati- 
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cally controlled at 28-29°. Observations of the Petri 
dishes and contents were made after 48, 96, and 144 
hours. Certain readings were extended to a longer 
period of time in those instances failing to exhibit 
the growth or presence of microorganisms after 144 
hours. Control tests were conducted simultaneously 
using the same conditions and materials from the 
same lots, the only exception being that in place of 
the 0.4 cc. of alcoholic solution of the test substance, 
an equal volume of alcohol was added to the Petri 
dish. Control tests were thus conducted to give 
assurance that the syrup used to add the mold or- 
ganisms to the plate actually contained microor- 
ganisms. The tests also indicated what effect the 
same volume of ethyl alcohol had by comparison 
with the volume of the diluted substance being 
tested. Sterility of the media and of the Petri dishes 
was also checked. A few substances were used in 
aqueous solution due to low solubility in alcohol; 
in such cases blank determinations were made with- 
out alcohol. 


TaBLe I.—Susstancges Not PropuctinGc COMPLETE 
INHIBITION OF MoL_p GROWTH FoR 144 Hours IN 
THE Petri DisH at 1: 500 CONCENTRATION 


Laurel leaf oil 

Lemon oil 

Lime oil 

Linalyl acetate, 92% 

Lovage oil 

Mandarin oil 

Maple flavor, imitation® 

Menthy!l acetate 

Methyl benzoate 

Methyl heptenone 

Methyl /-tertiary butyl 
benzoate 

Musk, artificial © 

Neroli oil, synthetic 

Nerolin 

Novoviol, alpha 

Novoviol, beta 


Acetophenone 
Acetyl methyl carbinol 
Amy! acetate 
Amy! butyrate 
Anisy! alcohol 
Balsam fir, Canada 
Balsam fir, Oregon 
Borny! acetate 
Calcium propionate 
Camphor 
Camphor oil, white 
Cardamom oil 
Celery oil 
Chlorobutanol 
Citric acid 
Citronellal 
Citronelly!l butyrate 
Cognac oil Novoviol-ketone 
Colonial bouquet perfume Novoviol, methyl 

oil? Orange oil, bitter 
Copaiba oil Orange oil, sweet 
Dipheny! methane Origanum oil, commercial® 
Ethyl acetate Orris root oil, concrete® 
Ethyl benzoate Parsley oil 
Ethyl! butyrate Patchouly oil 
Ethyl caproate Phenylacetic acid, 
Ethy! lactate ester 
Ethyl! malonate Pineapple, Fritzbro-arome® 
Ethyl myristate Pine needle oil, dwarf 
Ethyl oenanthate Rosemary oil 
Ethyl pelargonate Rosesol® 
Ethyl sebacate Rose soluble, fluidé 
Eucalyptol Rum ether* 
Eucalyptus oil Saccharin sodium 
Foenugreek solid extract Sage oil, Dalmatian 
Formic acid Santal oil 
Gerany! acetate Sodium benzoate 
Gerany! butyrate Sodium caprylate 
Ginger fluidextract Sodium citrate 
Ginger oil Sodium propionate 
Glycyrrhiza, fluid for syr- Sodium salicylate 

ups? Spruce oil 
Hemlock oil Tartaric acid 
Hepty! acetate Terpinyl acetate 


amyl 


Hexy! acetate 

Hydroxy-citronellal 

Hydroxy-citronellal di- 
methyl! acetal 

Isobutyl acetate 

Isobutyl valerate 

Jasmine flower oil, syn- 
thetic® 

Juniper oil 

Lactic acid 


e Product of Magnus, Mabee & Reynard, Inc 
+ Product of Eli Lilly and Co. 


Vanilla flavor base 8-fold, 
imitation® 

Vetiver oil 

Yerba Santa, aromatic con- 
centrate for making syr- 

Viang-ylang oil, synthetic® 

Zine caprylate 

Zine propionate 


© Product of Fritzsche Brothers, Inc. 
4 Product of Parke, Davis & Co. 
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II.—Susstances INHIBITING MOLD GROWTH 
FOR 144 Hours tn THe Perri Dish at 
1:500 CONCENTRATION OR LESS 


Inhibited at 1:500 but not at 1:1,600 


Aldehyde C-16 Lime oil, terpeneless 
Benzaldehyde Linaloe oil 
Benzy! acetate Linalool 
Bergamot oil Linalyl acetate 65 70°) 
Borneol from petitgrain oil 
Bouquet Bluebell perfume Menthol 

oil* Methy! salicylate 
Butyric acid Neroli oil 
Cajuput oil Nutmeg oil 
Cetylpyridinium chloride Peppermint oil 

sol. 10% Petitgrain oil 
Coriander oil Phenylethy! alcohol 
Coumarin Propionic acid 
Cumin, synthetic® Salicylic acid 
Dill weed oil Spearmint oil 
Ethyl phenylacetate Springflower Bouquet per 
Isobuty! formate fume oil® 
Jasmin W* Wintergreen leaf oil 
Lavender oil 


Inhibited at 1:1,000 but not at 1:2,000 


Anethol Heliotropin 

Anisic aldehyde May blossom flower oil, 
Benzoic acid synthetic? 

Bois de rose oil femelle> Pennyroyal oil 

Caproic acid Methyl p-hydroxybenzoate 
Caraway oil Neutroleum alpha 
Cinnamic alcohol Piperonone 

Citronella oil Rose geranium oil 

Cumin oil Safrol 

Diacetyl Sassafras oil 

Ethyl salicylate Sweet marjoram oil 

Ethyl! vanillin Terpineol 

Fennel oil Toly! aldehyde 

Geraniol Vanillin 

Geranium oil, Algerian 


Inhibited at 1:2,000 but not at 1:5,000 
Aldehyde C-18 Dimethyl anthranilate 
Aldehyde C-20 Eugenol 
Anethol Lemon grass oil 
Anise oil Methyl! anthranilate 
Bay oil Methyl cinnamate 
Benzophenone Myrcia oil 
Benzyl butyrate Origanum oil, Cretic 
Carnation flower oil, syn- Pimento oil 

thetic? Propyl p-hydroxybenzoate 
Cassia oil Rosanlik> 
Citral, sample A Thyme oil, red 
Citronellol Thyme oil, white 
Clove oil 


Inhibited at 1:5,000 but not at 1: 10,000 


Aldehyde C-14 Citral, sample B 
Butyl-p-hydroxybenzoate Indol 
Cinnamon oil Rhodinol 


Inhibited at 1:10,000 but not at 1:20,000 
Cinnamic aldehyde 


Inhibited at 1:100,000 but not at 1:200,000 


Oxyquinoline sulfate 


@ ‘Product of Magnus, Mabee & Reynard, Inc. 
+ Product of Fritzsche Brothers, Inc 
© Product of Synfleur Scientific Laboratories, Inc. 


Each substance evaluated for possible preserva- 
tive action was retested at a later time to determine 
whether or not the results were dependable and re- 
producible and to establish the fact that none of the 
other volatile substances in the incubator at that 
time had affected the growth of the molds in a 
particular plate. 


DISCUSSION OF RESULTS 


Upon mixing the mycophil agar of pH 7 with de- 
teriorated syrup of pH 5, the resulting product 
showed a pH of 6, before the addition of any pre- 
servatives. Under these conditions benzoic acid 
was an effective preservative in a concentration of 
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1:1,000 while sodium benzoate was ineffective at 
1:500. These results are in accord with previous re- 
ports (2) that sodium benzoate is effective only in 
acid solutions. 

The esters of p-hydroxybenzoic acid were effective 
at the following concentrations: methyl 1: 1,000, 
propyl! 1:2,000, butyl 1:5,000. 

Many of the volatile oils, organic acids, and other 
substances tested have been previously reported as 
having preservative effects on the basis of different 
types of tests but it was deemed of interest to 
evaluate their antimolding properties by comparing 
them directly under the same conditions. In ad- 
dition, tests were made on other substances such as 
flavoring and perfumery materials not previously 
reported as preservatives; these substances were 
tested with the thought that they might possess pre- 
viously unsuspected preservative effects. 

Many of the substances tested showed an effec- 
tiveness equal or superior to that of benzoic acid and 
esters of p-hydroxybenzoic acid. However, further 
studies must be made before these substances can be 
recommended for actual use, giving careful con- 
sideration to odor, taste, toxicity, and compatibility 
with medicaments. Meanwhile the data will be of 
assistance in determining what antimolding effect, if 
any, can be expected from various substances which 
are employed in formulations primarily as flavors or 
medicaments. The results obtained with agar plates 
would not necessarily be directly applicable to other 
products of a different nature. 
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Of the substances included in the present study, 
the two most effective mold inhibitors were cinnamic 
aldehyde, which was effective at a concentration of 
1: 10,000 and oxyquinoline sulfate which was effec- 
tive at 1: 100,000. 


SUMMARY 


1. Tests of antimolding properties have shown 
that a number of substances equal or exceed the 
effectiveness of benzoic acid and esters of p- 
hydroxybenzoic acid. 

2. Further consideration must be given to 
odor, taste, toxicity, and compatibility with 
medicaments before these substances can be 
recommended for actual use. 

3. Meanwhile the data will be of assistance 
in determining what antimolding effect, if any, 
can be expected from various substances which 
are employed in formulations primarily as flavors 
or medicaments. 
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A Comparative Study of the Assay of Digitoxin by 
the U. S. P. XIII Pigeon Method and the 
U. S. P. XIV Colorimetric Assay” 


By HERBERT A. BRAUN and LEHMAN M. LUSKY 


The results obtained on 31 digitoxin preparations consisting of 29 tablets and two 


samples of “purified digitoxin’’ were compared by the U. S. 
y the U. S. P. XIV colorimetric assay. 


and 
than 25 


r cent higher by the chemical method than b 


. XIII pigeon method 
Eight of these pga were more 
the biological assay. It 


appears that the U. S. P. XIV colorimetric method lacks the specificity necessary for 
the assay of digitoxin and its preparations. 


O OF THE primary problems encountered in 
field of standardization of drugs is the 
selection of the proper method of assay. 

In the U.S. P. XIV a colorimetric method (1) 
supplanted the intravenous pigeon method as the 
method of assay for digitoxin. This colorimetric 
method (1) is a modification of the Baljet reaction 
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in which an orange-red color is developed by the 
digitalis glycosides in the presence of alkaline 
picrate solution. 

In the case of digitalis and its preparations Vos 
and Welsh (2) and Allmark and Bachinski (3) 
have shown that the chemical method yields 
results which do not always agree with those 
found by the biological assay. They found that 
with some preparations the chemical method gave 
results which were 45-75 per cent higher than 
those obtained by the biological assay. Danow, 
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Mathieson, and Hayes (4) found discrepancies 
between the chemical and biological methods 
in the case of the purified digitalis preparations. 
These workers concluded that ‘... the deter- 
mination of unsaturated lactone groups is not 
necessarily a measure of the biological potency.” 

Since it had come to our attention that a wide 
discrepancy had been found in the potency of a 
preparation of digitoxin which had been assayed 
by both the U. S. P. XIII and U. S. P. XIV 
methods in another laboratory (5), an extensive 
investigation of this problem seemed to be in 
order. 


EXPERIMENTAL 


Method.—The procedures which were used were 
essentially those found in the texts of the U. S. P. 
XIII and the U.S. P. XIV. The methods described 
in both of these compendia were strictly adhered to. 
The tablets were extracted with chloroform as 
directed by the U. S. P. XIV. The U.S. P. XIII 
biological assay requires extraction with 80% alco- 
hol. However, in this study sufficient extract was 
prepared from the tablets by the U. S. P. XIV 
method of extraction so that a single batch could 
be used after the proper dilution for both the colori- 
metric and the biological assays. At least two 
determinations were made on each of two separate 
extractions by the colorimetric method. Duplicate 
assays were carried out by the U. S. P. XIII pigeon 
method where wide differences existed between the 
results of the two methods. 

The potency of a preparation which was assayed 
was expressed as percentage of the U.S. P. Digitoxin 
Reference Standard in both the U. S. P. XIII and 
the U. S. P. XIV methods. The standard error 
determinations for the biological method were 
calculated by the formula found in the U. S. P. XIV 
under Tincture Digitalis and represented the 
standard error of the assay rather than that of the 
group of pigeons, as is the case of the determination 
of the standard error in the U. S. P. XIII. 


TABLE I.— DISTRIBUTION OF SAMPLES 


Potency by U.S. P. XIV Assay 
Expressed as ©, Potency by U.S. P. XIII 
80-90 
90-100 
100-110 
110-120 
120-130 
130-140 
140-150 
Over 150 


Number of 
Samples 


Results.—In the course of these investigations 31 
digitoxin samples were examined, o] which 29 were 
tablets and two consisted of purified digitoxin. The 
preparations were samples which were collected as 
part of the regulatory activity under the Federal 
Food, Drug, and Cosmetic Act. Table I gives the 
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distribution of the percentage difference between the 
results obtained by the biological and the chemical 
methods. In 23 of the samples there was fair agree- 
ment between the two methods, although generally 
the values for the colorimetric method were some- 
what higher than those obtained by the U. S. P. 
XIII bioassay. 

The results of eight preparations whose potencies 
as determined by the colorimetric method were 
more than 25% higher than those found by the 
U.S. P. XIII pigeon assay are included in Table II. 

Discussion.—-In the case of the digitoxin tablets 
the higher results obtained by the U. S. P. XIV 
method were due in part at least to an artifact. 
It was noted in several instances that a cloudiness 
appeared in the digitoxin alkaline picrate solution 
during the thirty minutes required by the method 
for color development. This turbidity would, of 
course, change the absorbancy of the solution and 
would yield higher results. The cloudiness may 
have been due to the presence of magnesium stearate 
which is sometimes used as an excipient in the manu- 
facture of tablets. Error from this source could be 
avoided by requiring centrifugation of solutions 
which show a tendency to become hazy while de- 
veloping their color. 


Tasie II.—CoMPARISON OF THE U. S. P. XIII AND 
U.S. P. XIV Assay or DicrroxtIn PREPARATIONS 


Per Cent Potency in Terms of — 
Standard 
Sample Biological Chemical 
No U.S. P. XIII U.S. P. XIV 
1 104+ 6. 141 
98 + 5 141 
62 +3.2 
67 +3. 83 
102 + 6. 139 144 
9124. 141 


Chemical as 
Per Cent of 
Biological 


140 
130 


101 +3. 
90 + 3. 
80 + 2. 
77 +3. 
39 + 1. 
38 + 1. 
+4 
104 + 5. 
103 + ¢ 


146 


A much more fundamental discrepancy is that 
shown by samples 3 and 19, which were obtained on 
the market as U. S. P. digitoxin glycoside. In 
these samples the differences between the results of 
the colorimetric assay and those of the biological 
assay, while not as great as observed in the case of 
the tablets, were the result of compounds having the 
requisite unsaturated lactone groups for color 
formation but with less biological activity than 
digitoxin. Banes and Carol (6), using partition 
chromatography, have reported that sample 19 
contains 62.8% of digitoxin and 37.2% of gitoxin. 

The U.S. P. XIV defines digitoxin as either “pure 
digitoxin or a mixture of cardioactive glycosides 
consisting chiefly of digitoxin.’’ While the exact 


|_| 
138 
12 5 137 || 
7 141 
19 6 ba) 126 
7 99 
22 9 88 225 
8 85 
27 6 187 185 
6 193 
28 9 141 140 
09+4.3 143 
1 
8 
7 
6 
3 
1 
3 
2 
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quantity of nondigitoxin cardioactive glycosides to 


be permitted by the definition is not clear, it is im- 
probable that an amount as high as the 37% con- 
tained in sample 19 was contemplated. 

In no part of the monograph is there a test which 
would regularly exclude such a product. Identifica- 
tion Test “B” insures a certain degree of biological 
activity in preparations which meet its requirements, 
but a preliminary exploration of its discriminatory 
ability in this laboratory has resulted in the conclu- 
sion that samples of digitoxin diluted with inert 
material to the extent of 23% would be expected to 
pass the test half the time. No attempt has been 
made by this laboratory to determine how much 
gitoxin would have to be present in a digitoxin sam- 
ple before it would fail to pass Identification Test 
“B." Since gitoxin has some cardiac activity, it is 
obvious that appreciably more than the 23% men- 
tioned above would have to be present before there 
would be a reasonable expectation of rejection by 
this test. The absence of a rigorous definition of 
digitoxin, the wide tolerance of biologic activity 
permitted by Identification Test “B’’, and the lack 
of specificity of the colorimetric assay procedure 
have combined to produce the unsatisfactory status 
in which materials with a considerable range of 
biological activity can legally be distributed as 
U.S. P. digitoxin. 
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SUMMARY 


1. Comparative assays were carried out by 
the U.S. P. XIII and the U.S. P. XIV methods 
on 31 digitoxin preparations consisting of 29 
tablets and two samples of crystalline digitoxin. 

2. Of 31 samples examined, eight or 25 per 
cent, were found to yield results by the U. S. P 
XIV method which were more than 25 per cent 
higher than those obtained by the U. S. P. XIII 
biological method. 

3. While a chemical method is to be preferred 
from the standpoint of practicability and cost, the 
lack of specificity of the method described in the 
U. S. P. XIV makes it inadequate to assure a 
uniform potency of digitoxin preparations, 
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A Note on the Ultraviolet Absorption Spectra of 
Commercial Heparins* 


By KATHERINE A. LATHROP and J. GARROTT ALLEN 


5 PRESENCE of members of the heparin family 
can be detected by the inhibition of their anti- 
coagulant activities which, however, sheds no light 
upon the specific heparin that may be present. 
Moreover, considerable variation in the anti- 
coagulant activity exists between heparins of dif- 
ferent origin. Therefore, if the physiology or bio- 
chemistry of this group of compounds is to be 
studied extensively, improved analytic methods 
must be developed. 

Because the ultraviolet absorption spectrum of a 
particular heparin studied showed a high specific 


extinction in the region of 270 my (1), this appeared 


* Received October 14, 1953, from the Division of Biological 
and Medical Research, Argonne National Laboratory, Le- 
mont, Ill, and the Department of Surgery of the University 
of Chicago, Chicago, Il. 


a possible lead for the development of a simple 
measurement of heparin concentration. More re- 
cently Bell and Krantz (2) studied the problem and 
concluded that this method held promise. 
This paper reports additional data on this prob- 
lem. 
METHOD 


Fourteen sources of powdered sodium heparin 
were prepared as separate aqueous solutions, con- 
centrations of 5 mg./ml. unless otherwise stated. 
Ultraviolet absorption spectra between 215 and 350 
my were determined, using silica cells 1 cm. in depth 
in the Beckman model DU spectrophotometer with 
a compensating blank of distilied water. Readings 
were taken at 5 my intervals and at greater fre- 
quency when indicated. 
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Fig. 1.—Absorption spectra for heparins of known 
anticoagulant activity obtained from various phar- 
maceutical companies. 


I 127 units/mg., If 114 units/mg., III 110 units/mg, 
IV 94.5 units/mg., V 60.0 units/mg., VI 110 units/mg., 
VIL 100 units/mg 


RESULTS 


In Fig. 1 are plotted the ultraviolet spectra of 
seven bovine heparin preparations of differing poten- 
cies obtained from five commercial sources. These 
reveal no common pattern either in selective absorp- 
tion or in optical density. Four bovine heparins 
prepared by the same company also failed to demon- 
strate any agreement in absorption pattern. Like- 
wise, no particular characteristic in the spectra of 
bovine, canine, or porcine heparins was evident. 

The patterns that did appear in agreement were 
restricted to liquid heparins containing phenol as a 
preservative. In Fig. 2 are demonstrated absorption 
spectra of a 0.01% aqueous heparin solution con- 
taining 0.0045% phenol and of a 0.0045% phenol 
solution. 


DISCUSSION 


The chemical structure of heparin (3 and 4) is in- 
completely understood. It now appears that similar 
anticoagulant activity is possessed by a variety of 
sulfonated polysaccharides. Common to all of this 
family of anticoagulants has been their inactivation 
by protamine sulfate which is the more accurate 
procedure currently used in the identity of these 
substances. Although heparins react metachroma- 
tically with most of the dyes of the thiazine series, 
this reaction is not limited to the heparins and 
therefore these methods cannot be considered 
specific for heparin (5). 
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Fig. 2.—Absorption spectra of (A) clinical slanee 
preparation containing 0.01°) heparin and 0.0045‘ 
phenol and (B) 0.0045°% phenol. 


The deficiencies in heparin identification and assay 
create a need for simple and reliable techniques to 
this end. The results of Bell and Krantz on ultra- 
violet spectrum analysis seemed to offer a possible 
means for heparin identity. While our results con- 
firm theirs, it must be recognized that both their 
results and ours represent primarily impurities in 
heparin preparations. In particular, the high spe- 
cific extinction for clinical heparin is produced by its 
phenol content. Excluding this artifact there re- 
mains no residual characteristic in the absorption 
spectrum that can be attributed to heparin or to its 
anticoagulant activity. 


SUMMARY 


The ultraviolet absorption spectrum described for 
liquid clinical heparins was not observed in a variety 
of dried sodium heparins. The pattern previously 
described appears to be the result of impurities, in- 
cluding the phenol preservative which many of these 
products contain. 
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A Note on Corrosion Resistance of Certain Alloys to Iodine 
Tincture, U. S. P.* 


By JOSEPH GURLAND 


Pg of investigators (1-5) have studied the 
rate of reaction between iodine in solution and 
metals such as zinc, magnesium, iron, and silver, all 
of which react quite readily with iodine. However, 
no information has been available to date on the 
rate of attack on the various corrosion-resistant 
alloys by iodine solutions. 

To obtain information as to their suitability as 
containers for iodine solutions, the Hastelloys A, B, 
and C, Stellite No. 6, and stainless steels 304, 316, 
and 317' were subjected to corrosion tests in iodine 
tincture U. S. P. XIV of the following composition: 
iodine, 20 Gm.; sodium iodide, 24 Gm.; dilute 


Taste I 


Ni 


Alloy c 


were polished and sealed into glass ampuls contain- 
ing 130 ml. of solution. The ampuls were then 
maintained at 104.0 + 0.2° F. for thirty-two days in 
an oil bath. Table II shows the results of the corro- 
sion tests. 

Of the alloys tested, only Hastelloys A and B 
showed a corrosion scale. It could be removed 
with soap and water, leaving a strongly etched sur- 
face. The above data* are too limited to permit 
any generalization of the results, but it is significant 
that the alloys containing chromium had much 
lower corrosion rates than the two which contained 
no chromium. 


NOMINAL Compositions or ALLoys U SED IN Corre Tests 


Mo Fe Others 


Bal. 20 


30 


Hastelloy A 20 


Hastelloy B 


Hastelloy C ' 5 al. 17 W5 
0. Mn 1.0, Si0.7, Co59.2, W4.6 


Stellite No. 6 
Stainless 304 
Stainless 316 
Stainless 317 


Taste II.- 


Alloy 
Hastelloy A 


Density 
sl 


Hastelloy B 
Hastelloy C 
Stellite No. 6 
Stainless 316 
Stainless 317 


Stainless 304 


* The corrosion rates were calculated by the formulas: 
weight in grams; A = area of test piece in square inches; 
exposure in hours; C = rate of corrosion in inches per year; 
day. 


alcohol (49.5% by volume), a sufficient quantity to 
make 1,000 cc. (6). A static total immersion test 
was used, the rate of attack being calculated from 
the weight loss. The compositions of the alloys 
tested are given in Table I. 

Two specimens of each alloy, with an average 
surface area of approximately four square inches, 


* Received November 14, 1953, from the Battelle Memorial 
Institute, Columbus, Ohio 

' The metal specimens were provided by the manufac- 
turers: The Haynes-Stellite Company and the Allegheny 
Ludlum Steel Corporation. 


“RESULTS OF CORROSION TEsTs 


= 534 w ‘A dtand mdd = = 372,000 ( ‘A 1); 
d = density of metal in grams per cubic centimeter; 
mdd = rate of corrosion in milligrams per square decimeter per 


3 
3. 


Corrosion Average Corrosion 
In./Yr. In./ Yr. 


0.0121 
.0122 
0107 
0106 
00003 
00009 
00002 
0004 
0004 
00001 
00000 
0.000003 
0.000003 


0.0106 
0. 00006 
0. 00004 
0.0004 
0.00005 
0.000003 


= loss of 
t = time of 


where | Ww 
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Book Notices 


A Handbook of Colorimetric Chemical Analytical 
Methods for Industrial Research and Clinical 
Laboratories. 2nd ed. Developed for use with 
the Lovibond Comparator. The Tintometer Ltd., 
Salisbury, England. (Curry and Paxton, Inc., 
New York, N.Y.) 206 pp. 19x 25cm. Price $5. 
This book consists of a collection of various 

detailed technical instructions, compiled for the use 
of laboratory technicians who employ the versatile 
Lovibond Comparator and the B. D. H. Lovibond 
Nessleriser. The manual is divided into seven parts, 
in the first of which the Lovibond Comparators are 
adequately described and the principles involved 
are clearly explained. In the second part, the 
colorimetric determination of pH values by use of 
the apparatus is discussed and certain applications 
are stressed. Part III is devoted to the quantita- 
tive analysis of a number of anions and cations which 
can be determined colorimetrically. The next part 
stresses the methods of grading commodities by 
color utilizing the Lovibond Comparator. Clinical 
applications are covered in Part V, and Part VI is 
devoted to toxic gases. In the last chapter the 
design of the B. D. H. Lovibond Nessleriser and the 
principles involved in its application in analytical 
chemistry and in the grading of products are dis- 
cussed. 

This Handbook is practically a necessity for the 
successful use of the Lovibond Tintometer and the 
material presented may offer suggestions for other 
applications comparable to those described in detail. 


Methods of Biochemical Analysis. Vol. 1. Edited 
by Davin Guiick. Interscience Publishers, Inc., 
New York, 1954. 521 pp. Ill. 16 x 23.5 cm. 
Price $9.50. 

This book is the first of a series designed to present 

a review of recent developments in the field of 

biochemical analysis. The topics to be included in 

the series are chemical, physical, microbiological, 
and animal assays as well as basic techniques and 
instrumentation for the determination of enzymes, 
vitamins, hormones, lipids, carbohydrates, proteins 
and their products, minerals and antimetabolites. 
The first volume represents the combined efforts 

of 30 contributors to the 17 chapters covering a 

wide range of methods of biochemical analyses. 

These include the following: Determination of 

Sulfhydryl Groups in Certain Biological Sub- 

stances; Analysis of Phenolic Compounds of 

Interest in Metabolism; Microbiological Assay of 

Antibiotics; Microbiological Assay of Vitamin By; 

Chemical Determination of Ascorbic, Dehydro- 

ascorbic and Diketogulanic Acids; Zone Electro- 

phoresis; Chromatographic Separation of the 

Steroids of the Adrenal Gland; Analysis of Mix- 

tures of Sugars by Paper and Cellulose Column 

Chromatography; Chromatographic Analysis of 

Radioactive Iodine Compounds from the Thyroid 


Gland and Body Fluids; Chemical Estimation of 
Choline; Estimation of Nucleic Acids; Determina- 
tion of Raffinose and Kestose in Plant Products; 
Determination of ATP and Related Compounds — 
Firefly Luminescence and Other Methods; The 
Assay of Catalases and Peroxidases; The im Vitro 
Determination of Hyaluronidase; Ultracentrifugal 
Analysis of Serum Lipoproteins; and The Assay of 
Urinary Neutral 17-Ketosteroids 

In general, each chapter includes a discussion of 
the background of previous work, a critical evalua- 
tion of the various approaches, and a presentation of 
the procedural types of the method or methods 
recommended by the author. Experimental details 
are presented in a manner designed to furnish the 
laboratory worker with the complete information 
required to carry out the analysis. The book is 
documented quite completely with references to 
the original literature and is provided with an excel- 
lent subject index. Since many of the methods 
described in Volume I are utilized extensively in the 
standardization of pharmaceutical products, the 
book should be of special interest to analysts in 
the pharmaceutical industry who have occasion to 
apply biochemical metho‘4s. 


Antiseptics, Disinfectants, Fungicides, and Chemical 
and Physica! Sterilization. By GrorGce F. Rep- 
pisu, Editor. Lea and Febiger, Philadelphia, 
1954. S41 pp. Ill 16x 24cm. Price $15. 

This well-conceived and competently written and 
edited book should be useful to anyone interested 
in any of the important subjects covered in its 35 
chapters. It represents the collaborative efforts 
of thirty contributors, all of whom are authorities 
not only in the subjects treated by each, but also 
in the entire field of interest in antiseptics, disinfec- 
tants, fungicides, and chemical and physical methods 
of sterilization. 

The book is logically arranged in seven divisions, 
each of which includes from 1 to 12 chapters. It 
begins with an introduction consisting of an his- 
torical review and a chapter on the definition of 
terms which serve to orient the reader toward a 
greater appreciation of the chapters which follow 
After the introductory chapters, consideration is 
given to the various methods of testing antimicro- 
bial agents including current procedures employed 
both for in vitro and in vivo testing. Iodine, the 
mercurials, alcohols, and other antiseptics are then 
discussed, followed by discussions on disinfectants 
and fungicides. Of special interest to the pharma- 
ceutical industry and to pharmacists are the chap- 
ters on preservatives and on chemical and physical 
methods of sterilization, in which sterilization by 
ionizing radiations is discussed in a competent 
manner. The final chapter is devoted to a discus- 
cussion of pasteurization. 

The book is documented throughout with the 
references in each chapter collected at the end. 
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It is also provided with an adequate subject index 
and an excellent bibliographic index. The printing 
and binding are of good quality and the typography 
and well chosen illustrations add to the attractive- 
ness of the book. 


Catalysis. Vol. I. Paut H. Emmert, Editor. 
Book Division, Reinhold Publishing Corp., New 
York, 1954. 394 pp. 16x 23.5cm. Price $10. 
Catalysis is the first of two volumes designed to 

summarize the present status of this important sub- 

ject. Catalytic processes are widely employed in 
the chemical industry and their application is 
responsible for the production of many basic chemi- 
cals used as intermediates in the syntheses of drugs. 

The present volume accordingly should be of special 

interest to pharmaceutical chemists. Until 25 or 

30 years ago catalysis was considered to be more or 

less an art instead of a science. Much progress, 

however, has been made since, interpreting catalysts 
and catalytic processes until it may now be con- 
sidered as being scientific. 

The first volume of Catalysis is devoted mainly to 
catalyst supports, carriers, and methods of prepara- 
tion. Tae scope can be visualized by the titles of 
the eight chapters of the book. These are: Physical 
Adsorption; Measurement of the Surface Area of 
Solid Catalysts; Chemisorption; Kinetic Laws in 
Surface Catalysis; The Absolute Rates of Surface 
Reactions; Catalyst Carriers, Promoters, Acceler- 
ators, Poisons, and Inhibitors; Catalyst Prepara- 
tion; and Magnetism and Catalysis. In these 
chapters both long-established ideas and _ inter- 
pretations and newer concepts now associated with 
the field of catalysis are discussed. The book is well 
documented with the most significant references to 
the original literature and is provided with adequate 
author and subject indexes. 

The printing and binding are of good quality, and 
the book can be recommended to anyone interested 
in acquiring a general or specialized knowledge of 
catalytic processes. 


Manuel du Préparateur en Pharmacie. By G. 
LEGRAND. Masson et Cie, Paris, 1954. 616 pp. 
Illustr. 16.5 24.5cm. Price Fr. 2,500. 

This is a textbook directed to a very specific 
group of pharmacy “students,"’ viz., those who 
prepare to become “‘préparateurs’’ or assistants-in- 
pharmacy. Their status is regulated by legislation 
of 1946 and 1947. After an apprenticeship of at 
least three years the candidate, who must be at 
least 18 years of age, has to undergo a “professional 
aptitude test;"’ after passing this examination, two 
more years of practical work are required to admit 
the candidate (who then must be at least 21 years 
of age) to the final examination. [If he is successful, 
he then receives the “professional patent"’ as assist- 
ant-in-pharmacy. This entitles him to compound 
any and all prescriptions, to handle poisons and 
narcotics, and, in general, anything destined to 
treat human and animal diseases—but always 
“under the responsibility and actual and personal 
control of a pharmacist." The pharmacist em- 
ploying a person not properly qualified for any of 
these tasks is subject to severe penalities 
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Legrand’s text gives us a good idea of the compre- 
hensive knowledge required from the assistant-in- 
pharmacy; besides the purely pharmaceutical chap- 
ters, the important basic concepts of dietetics, 
botany, chemistry, anatomy, physiology, and 
hygiene are presented clearly and _ succinctly. 
There is also a good bibliography and a useful index. 


Vapor Pressure of Organic Compounds. By T. Earv 
JorpaN. Interscience Publishers, Inc., New 
York, 1954. 266 pn. 225 x 29 cm. Price 
$14.50. 

This book is devoted tc a summary of vapor 
pressure data collected manly for the benefit of the 
industrial worker, and is designed to conserve time 
that a search of the literature might entail. The 
vapor pressure of organic compounds, particularly 
liquids, is a physical characteristic that has to be 
taken into consideration in the use or handling of 
such compounds when distillation and sublimation 
procedures are used as a means of separation or 
purification preparatory to their use as consumer 
products. Vapor pressure data are especially 
valuable in connection with liquid fuels, solvents, 
insecticides, and many other compounds in common 
use. 

The book is divided into ten chapters covering 
hydrocarbons; halogen compounds; alcohols; alde- 
hydes, ethers, ketones, and oxides; acids, acid 
chlorides, and anhydrides; esters; nitrogen com- 
pounds; phenols; organic compounds containing 
arsenic, selenium, sulfur, and silicon; and organic 
compounds containing antimony, boron, gallium, 
lead, phosphorus, tin, thallium, beryllium, and 
zinc. The compounds treated are divided, more or 
less, in order of increasing chemical complexity. 
All compounds are listed under the names most 
commonly employed in the laboratory. Thus, 
common or trivial names, commercial names, or 
systematic chemical names, may be employed. 
Each chapter of the book is divided into four parts. 
The first part consists of a master table giving each 
group of compounds arranged in ascending order 
according to the number of carbon atoms. Opposite 
each compound the vapor pressure-temperature 
data that have been reported are tabulated. This 
is followed by a series of individual tables giving 
numerical values within narrow temperature ranges 
of compounds for which no equations have been 
worked out, or supplementing equations that cover 
short ranges. 

In Part III bibliography sources for the data 
cited are listed. In the fourth part vapor pressure- 
temperature curves are collected, each of which is 
identified with the names and number of the com- 
pound as it appears in the master table. These 
curves are designed essentially to serve as a quick 
guide to approximate values. The book includes an 
index which can be used conveniently to locate the 
compounds in the master table of each chapter. 

This book should appeal particularly to the 
chemist who has occasion to use vapor pressure 
data either in his every day work or only occasion- 
ally. It represents a useful addition to any refer- 
ence library where vapor pressure temperature data 
are needed from time to time. 
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Symposium on Protein Metabolism. Proceedings of 
the Nutrition Symposium held at the University 
of Toronto, Toronto, Ontario, Canada, October 
30, 1953. Nutrition Symposium Series, No. 8. 
The National Vitamin Foundation, Inc., New 
York, 1954. 107 pp. 15.5 x 23 cm. Paper 
bound. Price $1.50. 

This small book contains a series of seven papers 
presented to a symposium on protein metabolism 
sponsored by the School of Graduate Studies and of 
the Department of Public Health Nutrition of the 
University of Toronto. The papers presented were 
selected to cover topics giving a broad picture of 
problems in protein metabolism. The coverage of 
these papers can best be visualized by the following 
titles: ‘The Relation of Vitamin Bs and Riboflavin 
to Protein Metabolism,”” by J. R. Beaton; “The 
Interrelationship Between Vitamin B,., Steroids and 
Proteins,”” by Bacon F. Chow; ‘Role of the Vita- 
mins in Antibody Production,” by A. E. Axelrod 
and J. Pruzansky; “Effects of Growth Hormone 
Preparation on Protein Metabolism,"’ by Oliver H. 
Gaebler; ‘“‘The Amino Acid Requirements of Man," 
by Ruth M. Leverton; ‘Factors Influencing Amino 
Acid Utilization in Tissue Protein Synthesis,”’ by 
Paul R. Cannon, Laurence E. Frazier, and Randolph 
H. Hughes; and “Amino Acids and Protein in 
Therapy,” by Herbert Pollack. 


Principles of Biochemistry—A Biological Approach. 
By M. V. Tracey. Pitman Publishing Corpora- 
tion, New York, Toronto, London, 1954. 194 pp. 
14.5x22.5¢cm. Price $4. 

This book presents a survey of biochemistry as a 
whole. It is divided into four parts. In Part I, 
consisting of four chapters, energy stores; organiza- 
tional stores; and growth, differentiation, and 
reproduction are covered. Part II is devoted to 
specialization for size and competition, discussing 
specialization in relation to environment; competi- 
tion between organisms; structure; transport and 
coordination; and waste products. In Part III 
specialization by energy source is presented and 
phototrophes, chemotrophes, necrotrophes, and bio- 
trophes are discussed. The approach throughout 
the book is primarily biological, but it is written 
sufficiently clearly so that it should be of use to 
chemists with an interest in biochemistry. 


Analisi Cromatografica su Carta. By GuUISEPPE 


ScHoENn. Societa editoriale Farmaceutica, Milan, 
1954. 352 pp. Illustrated. 17 x 24.5 ecm. 
Price L. 3.000. 


The field of chromatographic analysis has been 
steadily expanding since the day when Tswett 
(1906) first published his work on absorption chrom- 
atography. Paper chromatography, in particular, 
has assumed a continually increasing importance in 
medicine, biology, and chemistry. Consequently, 
an up-to-date compilation of the results obtained— 
and this one includes 1953 references—is more than 
welcome. The mode of presentation, by way of 
graphs and tables and with bibliographies at the end 
of each chapter, makes it easy to find either the 
technique to be applied in each case, or the results 
obtained by earlier investigators. Their data have 
been sifted critically so as to exclude results that 
were incomplete or insufficiently controlled. The 
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main body of the book, more than 300 pages of 
tabulations, may easily be used without any knowl- 
edge of Italian. It is preceded bytwo chapters which, 
concisely and clearly, discuss the history of the 
subject, definitions, theoretical considerations, tech- 
niques, the necessary apparatus, solvents, and 
reagents. 


Inorganic Quantitative Analysis. By C. W. GRIFFIN. 
2nd ed. The Blakiston Co., New York, 1954. 
417 pp. 16x23.5cm. Price $4.75. 

The first edition of this book was published in 
March, 1949. The second edition which was com- 
pleted in January, 1954, follows, in general, the 
design established for the earlier edition. It is 
intended to present a course of study in elementary 
inorganic chemistry requiring one year of work. 
The balance between the theory and experimental 
work appears to be satisfactory. The book begins 
with chapters on general operations and equipment; 
accuracy, precision, errors, and significant figures; 
the analytical balance and weighing; calibration of 
volumetric apparatus; quantitative separations; 
and fundamental principles of volumetric analysis. 
The treatment of volumetric analysis precedes the 
work on gravimetric separations, but the user of the 
book could very conveniently reverse the treatment 
if he so desired. Chapters on potentiometric 
titrations, electroanalysis, and colorimetry are also 
included. The value of the book as a teaching tool 
is enhanced by a ser:es of questions and problems at 
the end of each chapter designed to test the student's 
grasp of the subject matter including the theory, 
the principles involved, and other applications of 
the procedures studied. 


Methoden der Organischen Chemie (Houben-Weyl). 
4thed. Vol. VII, Part 1: Sauerstoffverbindungen 
II, Part I, Aldehyde. By Orro Bayer. Georg 
Thieme Verlag, Stuttgart, 1954. xxiii + 556 
pp. 18 x 26.5 cm. Price $19.50; (Subscription 
Price $17.55). 

Organic chemists will be pleased to learn of the 
appearance of a third volume in the series constitut- 
ing a complete revision of Houben-Weyl. As was 
pointed out in the description of the first volume to 
be released by the publishers [THis JouRNAL, 42, 
643 (1953)], the volumes constituting the new revis- 
ion will not appear in numerical sequence. Accord- 
ingly, the first volume published constituted 
Volume VIII of the series and covered the third part 
of the oxygen-containing compounds. Following 
this, Volume II on analytical methods was com- 
pleted and released [see Tus JourRNAL, 43, 254 
(1954)]. 

It was originally planned to include methods used 
in the preparation and transformation of all carbonyl 
compounds in a single volume. As the work pro- 
gressed, however, the author found that the extent 
of recent advancements in preparative methods for 
aldehydes was so voluminous that the number of 
pages assigned for Volume VII was quite insufficient 
to cover the field. Consequently, this volume will 
appear in two parts, of which this is the first. 

The text is logically divided into three main 
parts. Part A includes seven chapters dealing with 
the preparation of aldehydes. In the first chapter, 
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methods involving the direct introduction of the 
aldehyde group are covered. In the second chapter, 
the methods of introducing aldehyde and acetal 
groups into organic radicals are discussed. These 
chapters are followed by additional ones covering 
the production of aldehydes by oxidation of methyl 
groups, primary alcohols, ethers, aminomethyl- and 
chlormethyl-groups; procedures for the production 
of aldehydes from compounds having the same de- 
gree of oxidation by means of rearrangement re- 
actions and through cleavage of heterocyclic and 
aliphatic nitrogen compounds; and conversion of 
carboxylic acids and their functional derivatives into 
aldehydes. In chapter VI degradation reactions 
used in the preparation of aldehydes are adequately 
covered and in the final chapter of Part A, the 
preparation of aldehydes through conversion of other 
aldehydes with the retention of the functional 
carbonyl groups are presented. 

Part B, consisting of two chapters, is devoted toa 
discussion of the transformations which aldehydes 
are capable of undergoing. In the first chapter, 
functional derivatives of aldehyde groups, especially 
with respect to the regeneration of aldehydes, are 
discussed and in the second chapter, substitution 
reactions and those involving the removal of alde- 
hyde groups are covered. 

In Part C supplementary information on the 
preparation of aldehydes not fitting into the other 
chapters is presented. In this part of the book 
subjects such as the reactivity and resistance of 
aldehydes to oxidation, stabilization of aldehydes 
and acetals, purification of aldehydes, preparation 
of optically active aldehydes, and isotope-containing 
aldehydes are treated. 

Throughout the book all important processes are 
described, and many references to the literature are 
included. As a matter of fact, the generous space 
devoted to original literature references may not be 
necessary because the subject matter has been 
covered in sufficient detail so that it will seldom be 
necessary to go beyond the book for any informa- 
tion required. Included in the literature citations 
are many references to patents which adds consider- 
ably toits value. The most important literature up 
to October, 1953, has been included. 

In addition to being thoroughly documented, 
Part | of Volume VII is provided with an excellent 
author index and an entirely adequate subject index. 
Part I of Volume VII and the two preceding volumes 
of Houben-Weyl can be obtained only from the 
publisher 


The Vitamins —Chemistry, Physiology, Pathology. 
Vol. I of 3 vols. W. H. Sepret, Jr., and 
Ropert S. Harris, Editors. Academic Press, 
Inc., Publishers, New York, 1954. 676 pp. 
Illustr. 16x 27cm. Price $16.50. 

Volume I of The Vitamins represents the first in a 
series of three. It is designed to serve mainly as a 
reference work, and the chapters are divided into 
several parts, each of which is contributed by an 
outstanding authority in the aspects of each of the 
vitamins considered. In Volume I, consisting of 
four chapters, Vitamin A and Carotenes; Ascorbic 
Acid; Vitamin B,; and Biotin are covered. The 
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arrangement of the subject matter in each chapter 
is essentially the same. The current knowledge 
concerning the chemistry, industrial production, 
physiology, biochemistry, estimation, occurrence, 
deficiency effects, pharmacology, and the require- 
ments of each vitamin is summarized. The clinical 
manifestations of vitamin deficiencies and their 
treatment are not presented in detail, because they 
are adequately covered in other publications. For 
the same reason, methods of vitamin assay are 
discussed only briefly. 

In Volume II which will become available during 
the summer of 1954, choline, the Vitamin D group, 
essential amino acids, inositols, the vitamin K 
group, niacin, and pantothenic acid will be treated 
in a manner comparable to that employed for the 
four vitamins in Volume I. 

Volume III, now in preparation, will become 
available in the fall of this year. It will include 
additional chapters on p-aminobenzoic acid, pteroyl- 
glutamic acid, pyridoxine, riboflavin, thiamine, the 
tocopherols, and new and unidentified growth 
factors. 

Volume I of The Vitamins is well documented 
throughout and is provided with an author and a 
subject index. The printing and binding are of 
excellent quality and the editors, contributors, and 
publishers are to be congratulated upon making 
this new series of books on the vitamins available to 
investigators and practitioners. 


Figures Pharmaceutiques Frangaises—Notes His- 
toriques et Portraits, 1803-1953 (Famous French 
Pharmacists). Published by Masson & Cie, 
Paris, 1953, under the auspices of the Friends of 
the Faculty of Pharmacy, Paris, with introduction 
by René Fasre, Dean of the Faculty of Phar- 
macy of Paris. 268 pp. 44 woodblock prints. 
19.5 X 28.5cm. Luxury edition, numbered copy. 
The year 1803 was an important one for French 

pharmacy, for by governmental decree (Law of 21 

Germinal of the revolutionary year XI) a turning 

point in French pharmaceutical education was 

initiated. As a result of this edict, six schools of 
pharmacy were created, three of which material- 
ized—one at Paris, one at Montpellier, and another 
at Strasbourg. One hundred and fifty years later, 
the ‘Friends of the Faculty of Pharmacy of Paris” 
celebrated the occasion by sponsoring this volume. 

Beautifully printed and embellished with 44 wood- 

blocks, the work consists in the main of 38 brief bio- 

graphical and critical essays devoted to distinguished 

French pharmacists, with each essay written by a 

different author. This galaxy of scientists, beginning 

with Parmentier (1713-1840), Vaugelin (1763-1829) 

and Robiquet (1780-1840) concludes with such 

figures as Poulenc (1864-1942), Foruneau (1872- 

1949), and Tiffeneau (1873-1945). The work of 

these men enriched not only pharmacy, but the nat- 

ural sciences as well. Four short but informative 
essays serve to introduce the main body of the vol- 
ume and deal with the state of French pharmaceuti- 
cal science prior to 1803; instruction in pharmacy 
after 1803; the Institute of Pharmacotechnic and 

Pharmacodynamics; and, the Academy of Phar- 

macy. The preface is written by René Fabre, Dean 

of the Faculty of Pharmacy of Paris. 
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The AMERCHOLS® ore neturet, 
non-ionic OINTMENT BASES AND 


Cholesterols in their Most Active 
Form. 


These stable cholesterol and multi- 
sterol surfactants induce rapid drug 
release, promote optimum healing 
rates, and are safe for the most 
delicate tissues. We know of no case 
of an allergy due to an AMERCHOL.” 


"References, technical data and suggested 
formulations are available from our research 
laboratories. Please write on your business 
letterhead. 
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EMULSIFIERS which contain Lenolin 


MODULAN is o chemically modified 
LANOLIN EMOLLIENT with unique 
new properties for use in OINTMENTS 
AND EMULSIONS. It imparts waxy, 
protective hydrophobic films; is oil 
soluble and compatible with O/W 
emulsions, soaps and shampoos. Clin- 
ical investigations indicate that 
MODULAN IS HYPO-ALLERGENIC.* 


AMERICAN CHOLESTEROL PRODUCTS 


“INCORPORATED = 
MILLTOWN NEW JERSEY 


Scale illustrated is our 
No. 540 all Glass Model 


Capacity—4 oz. (120 grams) 

uine ma 


Price—$145.00 (subject to 
change without notice) 


PROMPT DELIVERY 
on this as well as other class A 
scales 


WwW 98.00 
All With Stainless Steel Pans 


Still the best 
and lowest priced 
scale made 


HENRY TROEMNER 
Manufacturer of the Finest 
Scales for the Druggist 
Since 1840 
911 Arch Street 
Philadelphia 7, Pa. 
(Send for Circular A-A) 
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The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the fields of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, 
hospital, and other facilities for graduate work are outstanding in this 
area. 


The Massachusetts College of Pharmacy is located in this great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 
harmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 
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Volumetric Flasks Nos. 28010 (50 ml.); 
28012 (200 ml.); 28017 (100 ml.); 
28015 (25 ml.). 


KIMBLE VOLUMETRIC FLASKS 


@ your work demands accuracy, it demands Kimbie tlasks 


Every Kimble Volumetric 

Flask is individually retested. 

Calibration standards used 

in the production of Kimble 

volumetric flasks are ten 

times more accurate than the produced 

pieces must be—one more effective pre- 

caution to insure accuracy. Graduation 

lines are fine and sharp to permit easy 
and precise setting of the meniscus. 

Kimble flasks are sturdy, clear and 

highly polished. Their low center of 


KIMBLE LABORATORY GLASSWARE 


AN @ PRODUCT 


gravity provides maximum stability. 

All flasks are thoroughly annealed to 
increase mechanical strength. They are 
inspected in a field of polarized light 
to insure effective annealing. 

There is a Kimble glassware item 
available to fill every laboratory need. 
Your laboratory supply dealer is ready 
with complete information. Or write 
Kimble Glass Company, subsidiary of 
Owens-Illinois, Box 1035, Toledo 1, 
Ohio. 


Owens-ILLINoIS 


GENERAL OFFICES + TOLEDO 1, OHIO 
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